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1.0 
I 

SUMMARY 
(Refer to Assessment Report) 

2.0 INTRODUCTION 
(Refer to Assessment Report) 

3.0 IDENTITY OF SUBSTANCE 

3.1 Name of Substance (U.S. EPA, 1985) 

Common and 9th Cl Name: Hexachlorobenzene . 

Synonyms: perchlorobenzene, pentachlorophenyl chloride, phenyl perchloryl ‘ 

Trade Names: Amatin, Anticarie, Bunt Cure, Bunt-No-More, Co-op Hexa, Granox NM, Hexa 
C.B., Julin’s Carbon Chloride, No Bunt, No Bunt 40, No Bunt 80, No Bunt Liquid, Sanocide, 
Smut-Go, Snieciotox 
CAS Registry Number: 1 18-74-1 
US. EPA Hazardous Waste Number: U127 

3.2 Characteristics of Substance 

Molecular Formula: CBCIG 
Structure: 

CI Cl 

Cl C) 

CI 

4.0 PHYSICAL AND CHEMICAL PROPERTIES 
At ambient temperature, HCB is a white crystalline solid (ATSDR, 1990). Technical grade HCB 

is available as a wettable powder, liquid or dust (NTP, 1985). There are numerous values listed in the 
literature for most of the physical and chemical properties of HCB, in particular for water solubility, 
vapour pressure, and octanol/water partition coefficient. The range of values as well as preferred 
values are presented in Table 1. Most of the values have been summarized from Mackay et 0/. (1992). 
but some information has also been taken from ATSDR (1990). 

HCB is not readily degraded by physical or chemical processes in the environment (Section 
6.1.6). Technical grade HCB contains about 98% HCB and 1% pentachlorobenzene (Courtney, 1979), 
and is known to contain a variety of impurities, including hepta- and octa-chlorodibenzofurans, 
octachlorodibenzo-p-dioxin, and decachlorobiphenyl (Villanueva et a/., l974; Goldstein et a/., 1978). 
A level of 1 ppm of HCB in air is equivalent to 11.8 mg/rn’ (ATSDR, 1990). 

NHW/DOE, June 1993
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Table - 1 Physical and Chemical Properties of Hexachlorobenzene 
(ATSDR 1990: MacKay er al. 1992) 

Property Preferred Rance 
Value 

Molecular weight 284.79 
Melting point (°C) 230 
Boiling point (°C) 322 
Density (g/cm3 at 20°C) 1.5691 

Vapour pressure (Pa at 25°C) 0.0023 0.0006-0.303 
Log octanol/water partition coefficient 5.5 4.13-7.42 

Water solubility (mg/L at 25°C) 0.005 0.0024-O.1 1 

Henry's Law Constant (calculated)' lPa/mol/m’) 131 

‘ The Henry's Law Constant is calculated using the preferred values for water solubility and 
vapour pressure 

5.0 PRODUCTION, USE AND RELEASE TO THE ENVIRONMENT (SOURCES) 
Although hexachlorobenzene (HCB) production has ceased in most countries worldwide, it is 

still being generated inadvertently as a by-product and/or impurity in several chemical processes. 
Historically, HCB had many uses in industry and agriculture. 

HCB was introduced in 1940 for use as a seed dressing for wheat, barley, oats and rye to 
prevent fungal diseases. HCB was first registered for use in Canada in 1948. Between 1948 and 
1972, 17 fungicidal formulations registered under the Pest Control Products Act contained HCB in 
am0unts of up to 80% (Tuttle, 1979). Its use was discontinued in 1971 due to concerns about 
adverse environmental and human health effects. However, HCB is presently found as a contaminant 
in certain pesticides. 

lndustrially, HCB was used directly in the manufacture of pyrotechnics, tracer bullets and as 
a fluxing agent in aluminium manufacture. HCB has also been used as a wood preserving agent, as 
a porosity control agent in the manufacture of graphite anodes and as a peptizing agent in the 
production of nitroso and styrene rubber for tires. 

Further, HCB has also been detected in waste by-products in the manufacture of certain 
pesticides, chlorinated solvents and chlorine plants using graphite anodes (Mumma and Lawless, 
1975). 

5.1 Direct Production of HCB in Canada 
HCB has not been produced nor used as a commercial chemical in Canada since 1980, and 

likely never has been produced in Canada. 
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Importation of HCB into Canada in 1980, 1981, 1982 and 1983 was 5, 7, 8, and 10 metric 
tonnes, respectively (Statistics Canada, 1981; 1982; 1983). These amounts were either fully 
consumed for pesticide formulation or repackaged and the final products exported. According to 
Camford Information Services (1991), HCB was not imported in the years 1984 to 1987. However, 
from 1988 to 1990, a total of 73 metric tonnes were imported as shown in Table 1 (Appendix A). The 
entire amount was shipped from France and the United States to Ontario, Canada. At this time, the 
information regarding the supplier’s name, importers' name, and use of the material is considered to 
be Confidential Business Information. 

5.2 Indirect Production of HCB in Canada 
5.2.1 Chlor-alkali Production 

The chlor-alkali industry produces chlorine (Cl,), hydrogen, and caustic soda (NaOH) by 
electrolysis of purified and concentrated sodium chloride (NaCl). Two kinds of processes can be used 
for the manufacture of chlorine: one uses a mercury cell, the other uses a diaphragm cell. In both 
processes, hydrogen gas and caustic soda are formed as by-products whereas the product, chlorine 
gas, is evolved at the anode. Processes using graphite anodes are known to produce HCB as a by- 
product (Ouinlivan et al., 1975; Mumma and Lawless, 1975; Alves and Chevalier, 1980; Christensen 
et a/., 1989) due to the reaction of chlorine with the graphite anode materials such as carbon and oils. 
Depending on the purificatiOn procedures, the final products might also be contaminated with HCB. 
In certain purification processes, HCB can be separated from the final products and remain as 
components of the "heavy ends“ from product distillation. The plant effluents and residual mud 
generated from the purification processes are the major concern for contaminant release. Dispbsal of 
HCB-contaminated sludges in landfill sites can result in contamination of adjacent areas through 
stormwater runoff and leaching from the landfill site. Also, due to the tendency of HCB to sublime 
from the soil into the atmosphere, the landfilling of sludges can lead to the release of HCB via 
volatilization. 

In the early 1970’s, metal oxide anodes (called dimensionally stabilized anodes, USA) were 
introduced and are usually made of titanium or platinum alloys free of carbon or oils that would react 
with chlorine and generate HCB. In the United States, essentially all plants have converted from 
graphite anodes to BSA, such that HCB release due to chlor-alkali production is negligible (Brooks and 
Hunt, 1984). Most Canadian chlor-alkali facilities have replaced their graphite anodes with DSA. 
However, no information was available to confirm that releases have been eliminated in Canada. 

Although HCB production has been effectively eliminated in chlor-alkali processes using DSA. 
HCB has been detected due to past practices, in plant effluents, drainage ditch sediments, effluent 
ponds and lagoon sediments, and in leachates from HCB-contaminated sludges in landfills. Further, HCB residues may occur in chlorine gas purification equipment in plants that have historically used 
graphite anodes (Wilson and Wan, 1982). 

Of the 23 chlor-alkali plants in the 1970s, 10 have since closed. HCB loadings from the chlor- 
alkali industry are presented for different Canadian regions in Section 5.3. 

5.2.2 Sodium Chlorate Production in Canada 

The manufacture of sodium chlorate also involves electrolysis of sodium chloride to form 
sodium hydroxide, hydrogen gas and chlorine. However, due to better mixing and different reaction 
conditions, sodium chlorate is produced. Two types of anodes are used: the graphite anode and the 
metal anode. Only the graphite anode generates HCB and as described in the previous section, HCB 
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can be found in effluent streams. lagoon and pond sediments, and Ieachates from landfills at plants 
that use these anodes. 

As with the chlor-alkali industry, the sodium chlorate industry began to remove the graphite 
anodes in the mid-1970's (Ouinlivan er al., 1975), such that HCB production by the sodium chlorate 
industry is Currently negligible. However, there is concern about HCB releases due to past practices. 
There are presently 13 operational plants in Canada (SRl. 1990a), 5 less than the 19705. 

5.2.3 Chlorinated Solvents Production in Canada 

HCB can be formed as a reaction by-product of thermal' chlorination, oxychlorination, and 
pyrolysis operations in the manufacture of chlorinated solvents. in the United States, approximately 
60% of the total HCB waste generated has been attributed to chlorinated solvents production 
(Ouinlivan er al., 1975). Based on a 1985 U.S. EPA study, the estimated annual amount of HCB 
generated as a waste by-product in the United States was 4130 tonnes. Of this total, nearly 77% 
(3178 tonnes) was attributed to the manufacture of carbon tetrachloride, trichloroethylene and 
tetrachloroethylene (Jacoff et al., 1986). The chlorinated pesticide industry was responsible for the 
remaining 23% (952 tonnes). Carbon tetrachloride and tetrachloroethylene are currently manufactured 
and imported into Canada. Trichloroethylene is also currently imported into Canada (Appendix A - 

Table 2). 
Quantities of HCB generated in Canada as a waste by-product in the manufacture of carbon 

tetrachloride and tetrachloroethylene were estimated using emission factors outlined in a 1984 U.S. 
EPA study (Brooks and Hunt, 1984) and Canadian production figures (Appendix A - Table 2). 
Trichloroethylene is no longer produced in Canada. Amounts of HCB waste generated, also referred 
to as 'hex wastes', vary greatly depending upon the products, manufacturing and purification 
processes. The 'hex wastes' are usually tarry residues or heavy and products of various purification 
and distillation processes. Using the same approach as Brooks and Hunt (1984), total 'hex wastes' 
were calculated using a factor of 0.029 kg waste/kg production capacity. The concentrations of HCB 
in the 'hex wastes' applied to the total waste quantities are the following: 10-25% for carbon 
tetrachloride, 1-10% for trichloroethylene and 25—80% for tetrachloroethylene. These levels were 
taken from ranges reported in the literature. Similarly, a 1985 U.S. EPA investigation estimated 
concentrations of HCB in distillation bottoms to be 25%, 15% and 5% respectively for 
tetrachloroethylene, carbon tetrachloride and trichloroethylene (Jacoff et al., 1986). Results are 
presented in Table 3 (Appendix A). Between 1986 and 1990 the total quantity of HCB released as 
waste by-products ranged from 206 to 739 kg annually. 

The methods for waste disposal of the tarry residues include on-site or off-site incineration, 
deep-well disposal and landfill. Incineration appears to be the preferred method for disposal (see 
Section 5.2.5) due to a shortage of landfill sites and waste management concerns of HCB leaching to 
ground water. 

Hexachlorobenzene can also be found as a contaminant in the final product (Jacoff et al., 
1986). Dow Chemical Canada Inc. does not detect HCB in these products (LOC = 5 mg/LllDow 
Chemical Canada Inc., 1991). However, differences in the manufacturing processes for a particular 
product can result in different degrees of contamination. In Canada, these chlorinated solvents are 
used mainly in the production of fluorocarbons, metal cleaning, and drycleaning products (CPI, 
1990a,b,c). These uses are considered to be dispersive. Based on the annual reported domestic 
demand of the three solvents outlined in Tables 4, 5 and 6 (Appendix A) and using an upper limit 
concentration of 5 mg/L, a maximum of 122 kg/year of HCB could be potentially released to the 
environment. 
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5.2.4 Pesticide Production and Uses in Canada 

A recent US. EPA study estimated that 23% (952 tonnes) of the HCB generated annually as 
a waste by-product occurred during the manufacture of chlorinated pesticides (Jacoff et al., 1986). 
Brooks and Hunt (1984) calculated that 1125 tonnes/yearof solid wastes of HCB were generated in 
the United States during the manufacture of pesticides. The waste streams from the production of 
pentachloronitrobenzene (PCNB), chlorothalonil and dacthal are expected to generate the bulk of HCB 
from the pesticide industry (Brooks and Hunt, 1984). Further, other pesticides have been reperted to 
generate HCB as a waste by-product: pentachlorophenol, atrazine, simazine, propazine and maleic 
hydrazide (Ouinlivan er al., 1975; Mumma and Lawless, 1975). Of these, pentachlorophenol, atrazine, 
simazine and maleic hydrazide were reported to have been produced in Canada (Gilbertson, 1979; 
Turtle, 1979). Two companies were identified in the Prairie provinces that manufactured 
pentachlorophenol while the remaining pesticides were produced in Ontario (see SectiOns 5.5.4 and 
5.6.3). No records are available regarding production figures of the pesticides and/or quantities of HCB 
wastes generated during manufacture. These wastes are usually disposed of in landfills (Brooks and 
Hunt, 1984; Jacoff er a/., 1986). Emissions of HCB from landfills can occur via volatilization and 
windblown displacement of soil particles containing adsorbed HCB. 

In addition to generating HCB wastes, the above noted pesticides and others (Appendix A - 

Table 7) that are registered in Canada under the Pesticide Control Products Act, are known to contain 
HCB impurities (Tobin, 1986). Pesticides of concern (identified with a '" in Table 7 (Appendix A)) 
are those that contain HCB impurities and are used in large amounts. 

Based on Canadian sales data (EC/AG, 1990) and reported levels of HCB in the above 
pesticides (Appendix A - Table 8), it is estimated that the quantities of HCB released to the Canadian 
environment in 1987 was between 300 and 525 kg. These quantities may vary from year to year, but 
no significant increase is expected in the near future. Application of HCB-cantaminated pesticides 
directly contaminate soil, and may also be subsequently dispersed to the atmosphere via volatilization 
and windblown displacement of HCB contaminated soil particles. 

In the United States, the maximum quantity of HCB emitted to air was estimated to be 4.7 
tonnes/year due to application of Dacthal and PCNB. This estimate was based on the assumption that 
the applied pesticides contained 0.1% HCB which volatilized completely after soil application. As 
noted by Brooks and Hunt (1984), it is unlikely that HCB in the applied pesticides would totally 
volatilize due to its low vap0ur pressure. Actual emissions are unknown. 

5.2.5 Incineration of HCB-Containing Wastes in Canada 

HCB-containing solid wastes (the bulk being generated by the chlorinated solvents industry) 
are either incinerated or go to landfills. The major advantage of incineration over landfilling is that 
incineration destroys almost all the HCB in the wastes, whereas landfilling can lead to leaching of HCB 
to groundwater. In the 1970’s, land disposal accounted for approximately 56% of the HCB-containing 
wastes in the United States among which industrial landfill accounted 40% (Ouinlivan et al., 1975). 
In a 1984 study, approximately 44% of the HCB-containing wastes generated by the United States 
chlorinated solvents and pesticides industry were disposed of in landfills (Brooks and Hunt, 1984). In 
a 1986 US. EPA investigation, only 19% of the HCB-containing wastes were landfilled, while the 
remainder were incinerated (Jacoff et a/., 1986). The current trend for disposal of the HCB-containing 
wastes is incineration. 

There are two types of incineration emissions of hazardous organic compounds: those 
compounds in the waste feed that are not totally destroyed, and those compounds formed from partial 
degradation of the waste including reactions within the flame, post flame and air pollution control 
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regions of the facility. These compounds are termed Principal Organic Hazardous Constituents 
(POHCs) and Products of Incomplete Combustion (PICs), respectively. HCB has been observed from 
the thermal decomposition of kepone, mirex, chlorobenzene, pentachlorobenzene, 1,2,4- 
trichlorobenzene, polychlorinated biphenyls, pentachlorophenol, polylvinyl chloride) and mixtures of 
chlorinated solvents (Ahling er al., 1978; Dellinger er 8]., 1991) and has also been found as a precursor 
in the formatiOn of polychlorinated dibenzodioxins and dibenzofurans (Ballschmiter er a/., 1988). Thus, 
HCB may be generated as a result of incomplete combustion of other chlorinated compounds and 
released to the environment. 

In November of 1991, there were 16 large (minimum 15 tonnes per day capacity) operational 
incineration facilities in Canada, excluding a plant that will come on-line in 1992 (EC, 1991a). The 
majority of the plants are situated in Ontario and British Columbia, and are generally comprised of 2- 
stage combination and mass burners. Further, 65% (11 of 19) of the facilities are equipped with air 
pollution control technology (APC) systems (EC, 1992) such as electrostatic precipitators, dry lime 
scrubbers, wet spray humidifiers, and fabricfilters. The other facilities, comprising five of the six plants 
in British Columbia, have no APC systems and operate under "low level technology' systems. There 
are an additional 200 smaller incinerator facilities in Canada, but no information could be found 
regarding their technology. 

Few monitoring data on Canadian emissions of organic comp0unds from combustion sources 
were available. Eiceman et al. (1979; 1981) detected HCB in fly ashes from municipal incinerators in' 
Ontario, Canada, but the emissions were not quantified. The National Incinerator Testing and 
Evaluation Program (EC, 1987) found HCB emissions into the Canadian environment. Quebec city’s 
mass burner system was modified to a modernized unit and was used for several performance tests. 
Levels of HCB observed in the incinerator, boiler and precipitator ashes accounted for a total release 
of less than 1 kg/year. Atmospheric emissions were also less than 1 kg/year. HCB has been detected 
in flue gas effluents from municipal incinerators. Concentrations found for a Virginia and Ohio 
municipal incinerator were 11 pg/m‘ and 9.5 ug/m’ respectively (Tiernan er al., 1985). A mean 
concentration of 0.4 ,ug/m“ was found in flue gas of three municipal waste incinerator plants in 
Germany lBallschmiter er al., 1988). HCB levels from municipal waste incineration are site specific 
and depend on operating variables and constituents found in the feed material (e.g. plastics, paper 
products). A crude estimate of HCB releases from all municipal incinerators in the United States was 
57-454 kg/year (Carpenter er a/., 1986). No mention of the type of incinerators used in these 
estimates could be found nor could any estimates of Canadian HCB incineration emissions be made. 

Destruction and removal effiencies for hazardous wastes incineration are regulated by the 
provinces in Canada (EC, 1991b) and are similar to those established in the United States. In the 
United states, the Resource Conservation and Recovery Act (RCRA) requires that the destruction and 
removal efficiency of hazardous wastes be at a minimum of 99.99%. The best incinerators for HCB 
destruction are rotary-kiln and fluidized-bed incinerators (Jacoff er al., 1986). Fluidized bed 
incinerators can reach a destruction efficiency for HCB of up to 99.99% (Mumma and Lawless, 1975). 
However, the rotary-kiln incinerator is more popular with the chemical industry owing to the 
destruction of a wider variety of wastes. Its removal efficiency could not be determined. The U.S. 
EPA Combustion Research Facility Incinerator underwent experiments using solutions of HCB in toluene 
that resulted in a destruction and removal efficiency in excess of the required 99.99%. However, 
emissions of HCB were detected even in the absence of feed (Ross et al., 1984). As effective as these 
incinerators appear to be, they are still regarded as major sources of HCB to the atmosphere. 

Under the aswmption that hazardous wastes incineration practices followed RCRA procedures, 
a maximum HCB air emission of 440-1300 kg/year was estimated in the United States using the range 
of HCBs generated during the manufacture of chlorinated solvents (Brooks and Hunt, 1984). Using 
the same assumption, and another approximated amount of 'hex wastes" generated in the 
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manufacture of chlorinated solvents (Jacoff er a/., 1986). a lower air emission of 311 kg/year was 
estimated. There is reason to believe that these estimates could be reduced by as much as 50% if 
scrubbers were added to the incinerators (Brooks and Hunt, 1984). 

5.2.6 Atmospheric Deposition of HCB in Canada 
HCB has been detected in rain and snow collected in the Great Lakes basin (Strachan e! 8]., 

1980; Strachan and Huneault, 1979), the Arctic (Paasivirta et a/., 1985) and in other regions of 
Canada (Strachan 1988a, 1988b). HCB has also been identified in rainfall near Isle Royale and Caribou 
Island, located on Lake Superior (Strachan, 1985). The fact that HCB has been detected in rainfall at 
these remote islands and in the Canadian Arctic indicates that long range transport of HCB via the 
atmosphere is likely. ' Eisenreich et el. (1980, 1981) estimated total HCB deposition (wet= rain and 
snow; dry = vapour and particle) to be 1.7 (wet = 0.13; dry = 1.57) tonnes per year for Lake 
Superior, 1.2 (wet = 0.09; dry = 1.11) tonnes per year for Lake Michigan, 1.2 (wet = 0.1; dry = 
1.1) tonnes per year for Lake Huron, 0.53 (wet = 0.04; dry = 0.49) tonnes per year for Lake Erie and 
0.39 (wet = 0.03; dry = 0.36) tonnes per year for Lake Ontario. The concentrations used in order 
to determine total loadings to the Great Lakes were based on published and unpublished studies from 
the previous 10-15 years. Strachan (1985) established more reliable annual loading estimates to Lake 
Superior by calculating the volume-weighted rain concentrations of HCB for certain collection periods 
from two open-lake locations at opposite ends of Lake Superior (lsle Royale and Caribou Isle). The 
annual loading of HCB from wetfall deposition to Lake Superior for 1983 was estimated to be 3.7 
kg/year. This estimate did not include dryfall precipitation which was estimated by Strachan (1985) 
to be at least as great as the contribution from wetfall. Strachan (1985) attributed the observed 
decrease in wetfall loadings of HCB to Lake Superior (130 kg to 3.7 kg) to a reduction in HCB 
atmospheric concentrations between the earlier collections and those of his study. Kelly et al. (1991) 
arrived at a similar estimate of HCB loading to Lake .Erie from wetfall deposition (1 1 kg/year). Annual 
HCB loadings (wetfall only) at other sites across Canada were estimated by Strachan (1988a,b) and 
are shown in Table 9 (Appendix A). 

Eisenreich and Strachan (1992) estimated wet and dry deposition of HCB to the five Great 
Lakes to be 11.4 and 1.24 kg/year, respectively. Based on the annual HCB loading estimate for the 
five Great Lakes multiplied by the surface area of Canada (9 970 610 km”), wet deposition of HCB to 
the Canadian environment in the mid 19805 was estimated to be 460 kg/year. Using a similar 
procedure, 'dry" and total deposition of HCB to the Canadian environment were estimated to be 50 
kg/year and 510 kg/year, respectively. 'Dry' deposition refers to particle deposition only in this study. 

Since HCB in the atmosphere is primarily in the vapour phase (approximately 96 to 97%) (Lane 
er al., 19923), gas-surface exchange processes are an important element of atmospheric deposition. 
In particular, air-water exchange processes have recently been suggested as being a quantitatively 
important contributor to chemical mass balances in the Great Lakes (Achman er 0]., 1992; Baker and 
Eisenreich, 1990; Bidleman et 'a/., 1991; McConnell, 1992, in Eisenreich and Strachan, 1992). 
Although air-water exchange processes were not included in the estimates by Eisenreich and Strachan 
presented above, the deposition estimates are nonetheless considered more accurate than those from 
earlier studies, due to improved calculation techniques and improved data on atmospheric 
concentrations of HCB. For example, estimates of dry deposition were improved by incorporating 
seasonal atmospheric concentrations of HCB and seasonal variations in the fraction of HCB in the 
particle phase. Although HCB loadings appear to have decreased throughout the 19805, long-range 
transport continues to play a significant role as a source and means of redistribution of HCB throughout 
the Canadian environment. 
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5.3 HCB Sources in the Atlantic Region 
5.3.1 Chlor-alkali Production 

Canso Chemicals Ltd. at Abercrombie Point, Nova Scotia and Dow Chemical Canada Inc. at 
Dalhousie, New Brunswick, are mercury cell plants that changed from graphite to DSA in the mid 
1970’s (Gilbertson, 1979). Dow Chemical Canada Inc. (formerly CIL Inc.) was built in 1963 and has 
a current plant capacity of 30000 tonnes per year (SRI International, 1990a). Canso Chemicals Ltd. 
has an annual capacity of 24000 tonnes (SRI International, 1990a) and was constructed in 1970. 
Monitoring studies of final effluents from settling ponds of both plants detected concentrations of HCB 
of 40 ng/L and 50 ng/L, respectively (Gilbertson, 1979). It is uncertain whether HCB is still being 
generated from the plants or whether the continued discharges of HCB are from past use of graphite 
anodes. Another chlor-alkali plant, St. Anne Chemical Co. Ltd., situated in Nackawik, New Brunswick, 
has a plant capacity of 9000 tonnes per year. Information concerning this plant could not be found. 

5.3.2 Sodium Chlorate Production 

St. Anne Chemical Co. Ltd. produces sodium chlorate at a capacity of 8000 tonnes/year. No 
information concerning potential HCB releases for this plant could be found. 

Tidal Chemical Ltd. at St. John, New Brunswick and The Canso Chemicals Plants have closed. 
The Tidal Chemical plant was built in 1971 and had a capacity of 14000 tonnes/year. Although 
suspected of using graphite anodes in their sodium chlorate process before closure in the 1970’s, no 
information was found to confirm this (Gilbertson, 1979). 

5.3.3 Other Industries 

HCB has been detected in emissions from a number of industries including paint manufacture 
(Laurentide Chemicals), coal and steel production (Sydney Steel Co., Sydney, Nova Scotia and 
Stellarton Coal Washing Plant at Stellarton, Nova Scotia), and pulp and paper mills (Fraser Companies' 
plant at Altholville, New Brunswick) (Gilbertson, 1979). No HCB loading estimates to the environment 
are available for these industries. 

Pesticides known or suspected of containing HCB that are used in the Atlantic region include: 
atrazine, chlordane, chlorothalonil, dacthal, dienochlor, endosulfan, maleic hydrazide, 
pentachlorophenol, picloram, prometryn, quintozene and simazine (EC, 19903). 

5.4 HCB Sources in Quebec 

5.4.1 Chlorinated Solvents Production 

Tetrachloroethylene and trichloroethylene are no longer produced in Quebec. The Venchem 
plant in Shawinigan, which opened in 1975 and closed in February 1977, had production capacities 
of 7500 tonnes for perchloroethylene and 22500 tonnes for trichloroethylene in 1976 (CPI. 1987a; 
1987b). Canadian Industries Ltd. (ClL Inc.) located in Shawinigan also manufactured both solvents, 
but in February 1985 the plants were shut down. Production capacities were 7500 tonnes for 
perchloroethylene and 16000 tonnes for trichloroethylene per year (CPI, 1990b; 1990c). Carbon 
tetrachloride has not been manufactured in Quebec in the past 20 years. 
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5.4.2 Chlor-alkeli Production 

There are two chlor-alkali plants in operation in Quebec. The diaphragm cell plant, CIL Inc. in 
Becancour. was Opened in 1975 and although it can produce 270000 tonnes (SRI International, 19903) 
of chlorine per year, no HCB is generated as the process uses DSA. A mercury cell plant, PPG Canada 
Inc. in Beauharnois (formerly Stanchem Ltd.) has a current annual plant capacity of 73000 tonnes (SRI 
International, 1990a). This facility was built in 1949 and had an approximate capacity of 60000 
tonnes using graphite anodes. However, in 1970 the plant converted to BSA. Since both facilities 
now use DSA, HCB releases due to production of chlorine in Quebec are unlikely. 

In the past, four other chlor-alkali plants used graphite anodes. Although these plants are now 
closed, they contributed to past releases of HCB to the environment. The name of the plants and 
operation time frames are as follows: CIL Inc. in Shawinigan (43 Years of operation; closed January 
1979), DOmtar in Lebel-sur-Ouevillon (17 years of operation; closed May 1978), Alcan in Arvida (30 
years of operation; closed 1977) and Shawinigan Chemicals Ltd. in Shawinigan (10 years of operation; 
closed in 1968). During the time of operation of CIL Inc., the flow rate for effluent wastes was 4.55 
x 10‘ L/day with HCB concentrations reaching 280 ng/L. Concentrations of HCB in distillation bottoms 
ranged from 11.8 mg/kg to 15.3 mg/kg (Gilbertson, 1979). In addition, a 1977 study revealed that 
a chIor-alkali plant discharged HCB at a rate of 0.75 kg/year; the name of the facility was not disclosed 
(Alves and Chevalier, 1980). The HCB-containing wastes for Alcan at Arvida and Domtar in LebeI-sur- 
Ouevillon were landfilled. No data is available on the disposal procedures for the other facilities. 

5.4.3 Sodium Chlorate Production 

There are four operational sodium chlorate plants in Quebec. Two .of the plants, Quenord Inc. 
in Magog and PPG Canada Inc. in Beauharnois have annual production capacities of 115000 and 
60000 tonnes, respectively (SRI International, 1990a). Both plants use DSA. Albright & Wilson 
Americas, formerly Erco Industries Ltd., in Buckingham, has a capacity of 36000 tonnes/year. In 
1980, the plant used graphite anodes and environmental releases of 0.14 kg/year HCB were estimated 
(Gilbertson, 1979). It is not known whether this plant has switched to BSA. In addition, Alby 
Chlorates Canada Inc. located in VaIIeyfieId has a production capacity of 50000 tonnes/year of sodium 
chlorate. No additional information could be found concerning the plant. 

As previously noted, Domtar in LebeI-sur-Quevillon operated a sodium chlorate plant that closed 
in 1978. 

5.4.4 Other Industries 

Other industrial processes require the use of chemical substances that may contain traces of 
HCB. 

For example, the textile industry may be a major contributor of HCB to the environment. 
Substances used in textile processes including dyeing agents Iazobenzene, diazobenzene, 
monochlorobenzene, dichlorobenzene and 1,2,4-trichlorobenzene), bleaching agents (caustic soda, 
sodium chlorate), cleaning agents (carbon tetrachloride, caustic soda, benzenes), and bactericidal 
agents such as pentachlorophenol may contain HCB. 

There are over 60 plants of this type situated primarily in the Cantons de I'Est and along the 
St-Lawrence River up to Mont-Joli. A study revealed that three of six companies released HCB in their 
effluents at an estimated average of 20.4 kg/year (Alves and Chevalier, 1980). Another study. 
involving one plant, estimated a discharge of 21 kg/year of HCB (Gilbertson, 1979). 
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HCB formation as a manufacturing by-product and as a contaminant of pentachlorophenol (PCP) 
has been investigated by Mumma & Lawless (1975). The wood preserving industry that utilizes 
pentachlorophenol, releases large quantities of waste water in their drainage systems due to steam 
treatment of wood. These effluents result in direct emissions of HCB to the environment. In Quebec, 
three of five wood preserving industries use pentachlorophenol for treating wood. All three plants have 
been sampled and the results are summarized in Table 10 (Appendix A). 

The pulp and paper industry uses agents such as chlorine, caustic soda and sodium chlorate 
for the bleaching of pulp. Further, other processes necessitate the use of dyes and antibacterial agents 
that may contain HCB. The average effluent concentration of HCB for two sampled facilities are 
indicated in Table 10 (Appendix A). 

HCB can also be released to the environment during the production of pyrotechnics products 
(Appendix A - Table 10). HCB is formed as a by-product of the asserted chemical reactions required 
to produce pyrotechnic products, and as a result of the use of contaminated starting chemicals. 

Lacquer and paint products contain chemical agents for wood preservation to prevent attacks 
of insects and fungi. One of the agents used is pentachlorophenol which is known to contain HCB. 
Many paint and lacquer production plants have confirmed that PCP is not used in their paints but the 
chemical composition of the paint formulations is unknown. HCB has been detected in the 
wastewaters of one of two plants sampled. The annual release from this industry is estimated to be 
0.04 kg HCB (Alves and Chevalier, 1980). In another study, involving one plant, HCB was discharged 
at a rate of 0.041 kg/year (Gilbertson, 1979). There are over sixty plants involved in the formulation 
of chemicals to be used in paints and lacquers production. Six types of wood preserving paints and 
lacquers that contain pentachlorophenol, chlorophenols, dinitrophenol or petroleum solvents were 
tested to determine HCB concentrations. All six tested positive, with concentrations of HCB of up to 
202.1 mg/L (Alves and Chevalier, 1980). 

Chlorine contaminated with HCB is used as a fluxing agent in the Smelting of aluminum. HCB 
has also apparently been used as a fluxing agent in the smelting of aluminum (Ouinlivan er a/., 1975). 
Discharges of HCB via the smelting of aluminum are summarized in Table 10 (Appendix A). 

Other industries involved in the mixing of chemicals as opposed to the synthesis of products, 
may generate HCB emissions. Mixtures are used by the textile, and pulp and paper industry 
(antibacterial agents, bacteriostatic agents, cleaners, etc). Seven of the twelve facilities found in 
Quebec were sampled for HCB wastewater contamination and three tested positive (Alves and 
Chevalier, 1980). Another study revealed a similar result (Gilbertson, 1979). Fitness watHa'id 
floor-washing soap from the industrial and domestic soap plant lead to discharges of HCB at an annual 
loading of 4 kg/year (Gilbertson, 1979) while another plant generated 2.7 kg/year of HCB (Alves and 
Chevalier, 1980). 

Domestic application of pesticides and wood preserving paints and lacquers also leads to 
releases of HCB to the environment. 

5.5 HCB Sources in Ontario 

5.5.1 Chlorinated Solvent Production 

Two chlorinated solvents linked to releases of HCB during manufacture and usage are produced 
in Ontario. Carbon tetrachloride is produced by Cornwall Chemicals in Cornwall and Dow Chemical 
Canada Inc. in Sarnia. Production capacities are 20000 tonnes and 40000 tonnes per year, 
respectively (SRI International, 1990a). The effluent from the carbon tetrachloride plant was sampled 
in 1979 and HCB concentrations ranged from 2 to 86 ng/L (Gilbertson, 1979). HCB loadings from this 
plant could not be estimated. In accOrdance with the Montreal Protocol, the manufacture of carbon 
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tetrachloride will be discontinued by the year 2000. Dow Chemical Canada Inc. has acknowledged 
that they will cease production of carbon tetrachloride by 1997 (SRI International, 1990b). 
Tetrachloroethylene are manufactured in Ontario by Dow Chemical Canada in Sarnia at an annual 
capacity of over 20000 tonnes. 

5.5.2 Chlor—alkali Production 

There are three operational chlor-alkali plants in Ontario. The Dow Chemical Canada Inc. plant 
at Sarnia was originally built in 1948 and has undergone numerous expansions and canversions; 
current production capacity is 400000 tonnes/year. In 1976, HCB was being discharged from the Dow 
plant at a rate of 0.27 kg/day or 90 kg/year (Gilbertson, 1979). Based on this information, it is 
suspected that Dow used graphite anodes at least until 1976. It is unknown whether Dow has since 
switched over to nongraphite anodes. In 1973, the Ontario Ministry of the Environment collected a 
sample of the Dow Chemical Canada dump site in Sarnia and two 24-hour composite samples of 
surface water from a ditch in Sarnia township. A concentration of 24 ng/L HCB for the landfill sample 
was found. HCB concentrations in surface water samples were 4 and 120 ng/L (Gilbertson, 1979). 
Canadian Pacific Forest Products Limited (formerly Dryden Chemical Company) at Dryden was built in 
1962 and was converted from a mercury cell to a diaphragm cell plant in 1975. initially, the plant 
used graphite anodes but its Current status is not known. Current production capacity is 22000 
tonnes/year (SRI International, 1990a). The only operational mercury cell facility in Ontario is that of 
CIL Inc. in Cornwall. The plant was built in 1935 and initially used graphite anodes, but changed to 
USA in the mid 1970's. Current production capacity is 45000 tonnes per year (SRI International, 
1990a). There are records of numerous plants that opened and closed or underwent conversions 
within the last 90 years in Ontario including: Canadian Electra-Chemical Co. Ltd. in SauIt-Ste-Marie 
(opened in 1901; operation time unknown), Canadian Salt Co. in Windsor (43 years of operation; 
closed in 1954), Riordon Co. Ltd. in Merritton (9 years of operation; closed in 1925), Canadian 
International Paper in Temiskaming (47 years of operation; closed in 1967), Domtar Fine Paper Ltd. 
in Cornwall (49 years of operation; closed in 1971), Eddy Forest Products Ltd. in Espanola (24 years 
of operation; closed in 1971 ), American Can of Canada Ltd. in Marathon (25 years of operation; closed 
in 1977), Dow Chemical Company in Thunder Bay (7 years of operation; closed in 1973), ClL Hamilton 
in Hamilton (8 years of operation: closed in 1973) and the Dow Chemical Company in Sarnia where 
2 plants were converted from a mercury cell to a diaphragm cell facility in 1972. This plant became 
known as Block 130. However, it is unknown as to whether the current operational plant (Block 130) ' 

is a new facility or the same facility that opened in 1969 named Block 40. One plant was either closed 
or amalgamated with the other. HCB released to the environment by these manufacturing plants might 
still be present due to the persistence of HCB. - 

5.5.3 Sodium Chlorate Production 

Albright & Wilson Americas, formerly ERCO Industries Ltd., in Thunder Bay and CanadianOxy 
Industrial Chemicals Limited Partnership in Amherstburg are currently the only producers of sodium 
chlorate in Ontario. Production capacities are 46000 tonnes and 45000 tonnes respectively. It is 
uncertain whether graphite or DSA are used by either producer. Two other plants have closed 
recently. As indicated in a 1979 Environment Canada report (Gilbertson, 1979), Huron Chemicals Ltd. 
in Marathon (suspected of using graphite anodes) and Great Lakes Forest Products Ltd. in Dryden (used 
graphite anodes) were still in operation in 1979. According to the 1990 Directory of Chemical 
Producers of Canada (SRI International, 19903), these sodium chlorate plants are no longer 
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operational. No information regarding disposal procedures for HCB-containing waste for these plants 
was found. 

5.5.4 Pesticide Production 

HCB is not only a contaminant suspected to be present in certain pesticides (Appendix A - 

Table 7) but is also generated during the manufacture of certain pesticides. Information was found 
concerning the manufacture of three pesticides in Ontario. In 1979, atrazine, by far the most widely 
used pesticide in Canada, and simazine were reported to be manufactured by an Ontario firm (name 
cannot be disclosed) (EC, 1979). Another pesticide manufacturer, Uniroyal at Elmira, produced maleic 
hydrazide (Gilbertson, 1979). No monitoring data regarding environmental loadings of HCB from either 
manufacturer could be found. However, both plants have shut down their operations and neither 
triazine is currently manufactured in Canada. 

5.5.5 Environmental Releases of HCB in Selected Regions of Ontario 

This section will focus on environmental releases of HCB in three regions of Ontario: Upper 
Great Lakes connecting channels region, Cornwall region and the Hamilton Harbour region. HCB enters 
the rivers and lakes from both point and nonpoint sources. Point sources include effluents from 
municipal and industrial wastewater treatment facilities directly to rivers and lakes and indirectly via 
tributaries. Nonpoint sources include atmospheric deposition, agricultural loadings, intermittent 
stormwater discharges, combined sewer overflows, land runoffs, Ieachate from landfill sites and 
releases from bottom sediments. Most of the HCB loadings estimated for the Upper Great Lakes and 
connecting channels region were based on emissions from Canadian sources. Although little 

information regarding United States HCB emissions to this region was found, these loadings are likely 
to be significant (UGLCCSMC, 1988). 

Upper Great Lakes Connecting Channels Region 

St. Mary's River 

There are no known direct discharges of HCB to the St. Mary's River. Indirect loadings of HCB 
of 0.002 kg/year have been estimated from urban runoff on the Ontario side of the river (UGLCCSMC, 
1988). Storm sewers in Sault Ste. Marie provide surface drainage that carries the water either directly 
to the St. Mary’s River or into one of several creeks draining into the river. The East End Waste Water 
Treatment Plant in Sault Ste. Marie also contributes to HCB loadings to the St. Mary's River due to 
stormwater entering the sanitary sewer system and causing hydraulic overloading. Estimates of HCB 
levels in runoff from the Michigan side are not available. 

St. Clair River 

The observed increase in HCB concentrations from Lake Huron to Lake St. Clair (Oliver and 
Bourbonniere, 1985) implies a major source for this substance along the St. Clair River. The 
petrochemical plants in Sarnia, also known as 'Chemical Valley", are the major sources of HCB to the 
St. Clair River; Dow Chemical Canada Inc. being the principal contributor. The Dow Chemical plant 
manufactures a variety of chlorinated organics and inorganics. Process wastewaters from individual 
units receive limited in-plant treatment prior to discharge (Oliver, 1986). Of special interest are the 
Dow Chemical 1" street 30' (EC/MOE, 1986; King and Sherbin, 1986), 54" (UGLCCSMC, 1988) and 
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42' (EC/MOE, 1986; King and Sherbin, 1986; UGLCCSMC, 1988) sewers. Comparison of sewer 
loading estimates from several monitoring programs are presented in Table 1 1 (Appendix A) along with 
other minor sewer sources of HCB. 

Although the 1" street Dow 48" sewer loadings from the MlSA programs were not measured 
in 1986, the data indicate a considerable reduction of HCB discharges between 1985-1986. A 
possible explanation for this is that in early 1986 effluents discharged from'the 1" street Acid Tile 30' 
sewer to the river were diverted to the 42' sewer. Any free phase organic material now travelling 
down the Acid Tile are collected and incinerated. Minor sources of HCB to the St. Clair River include 
the E550 Petroleum Biox and Chemical Final effluents (EC/MOE, 1986), Suncor impounding basin 
effluent (King and Sherbin, 1986; EC/MOE, 1986), Sarnia's Water Pollution Chlorination Plant effluent 
(King and Sherbin, 1986; EC/MDE, 1986), Polysar’s biotreatment plant (stereo API, 72', 66', 54' 
sewers), Cole drain effluents (EC/MOE, 1986; Johnson et a/., 1987), and the Township Ditch effluents 
(King and Sherbin, 1986; EC/MOE, 1986). 

The Township Ditch discharge has historically been a source of contaminants to the St. Clair 
River. The ditch conveys discharges and runoff from a number of industrial, municipal and non- 
industrial sources prior to release to the river. The contamination of the Township Ditch, the Scott 
Road Outfall and Ditch and a tributary to the Township Ditch appears to originate from the Dow Scott 
Road landfill. Although leachate from the landfill is treated with activated carbon before discharge to 
the Scott Road Ditch, HCB has been detected after treatment (King and Sherbin, 1986; EC/MOE, 
1986). Loadings of HCB to the river from the Township Ditch could not be calculated due to a lack of 
flow data. However, Dow Scott Road landfill loadings of oily sludges and solvents with chlorinated 
hydrocarbons were estimated to be 1000 tonnes/year (EC/MOE, 1985). Municipal discharges of 
HCB to the St. Clair River have been found to be insignificant (<0.1 kg/year) (Marsalek, 1986). 
Discharges from urban nonpoint sources including stormwater and combined sewer overflows were 
estimated to be 0.8 kg/year (UGLCCSMC, 1988). 

A 1984 investigation divided the St. Clair River into three sections and loadings of HCB were 
estimated for each based upon whole water concentrations and flow rates (Johnson and Kauss, 1987). 
The three sections included: the 'head' acted on by Lake Huron wind conditions, the 'mid' receiving 
industrial inputs from the Sarnia "Chemical Valley', and the 'mouth' consisting of a wide delta 
entering Lake St. Clair. Although HCB was present in the whole water samples, concentrations could 
not be accurately quantified due to the low concentrations which were at or below the method of 
detection (1 ng/L). Thus, whole water concentrations for HCB were estimated using Oliver’s method 
(Oliver, 1986) which is best described-as a correlation between octanol/water partition coefficient KM 
and organic-carbon corrected partition coefficients K“. The study revealed that HCB loadings in whole 
water estimated from suspended solid concentrations peaked at 3.6 kg/day (1.3 tonne/year) in the St. 
Clair River 'mid' section. The 'head" segment received a loading of 0.01 kg/day (3.6 kg/year), 
whereas the 'mouth' section received an HCB loading of 0.8 kg/day (290 kg/year). 

Accidental spills also account for significant releases of HCB to the St. Clair River (EC/MOE. 
1985). Of special interest is the Dow mishap in August of 1985. As a result of mechanical valve 
problems experienced by Dow Chemical Canada Inc. on August 13 to 16, 1985, approximately 42300 
litres of perchloroethylene were spilled of which about 11000 litres reached the St. Clair River. In 
September, the chemical composition of the puddles near the 1" street sewer complex was 97% 
perchloroethylene. Analyses of puddle composition on December 1985 and January 1986 indicated 
perchloroethylene concentrations of 60% and carbon tetrachloride of 30%. HCB was detected at a 
concentration of 0.4%. 
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Lake St. Clair 

The major sources of HCB to Lake St. Clair are the St. Clair River and three wastewater 
treatment plants: Warren WWTP, Chatman WPCP and Mt. Clemens WWTP. Point source loading from 
the plants totalled 0.00084 kg/day (0.3 kg/year) with the Warren WWTP contributing over 70% of the 
release (UGLCCSMC, 1988). 

Canadian urban runoff from stormwater and combined sewer overflows contributed an 
estimated annual HCB loading to Lake St. Clair of 0.06 kg from April 1985 to November 1986 
(UGLCCSMC, 1988). No estimates are available for the Michigan urban areas. 

An estimated 3.5 million kg/year (time frame not mentioned in report, assumed to be a year) 
of pesticides are applied to land in both Canada and the United States in the Lake St. Clair region 
(UGLCCSMC, 1988). HCB loadings from pesticides in this region, however, are not available. 

Detroit River 

The St. Clair River likely accounts for the majority of HCB in the Detroit River. in addition, five 
facilities discharge HCB directly to the Detroit River: Detroit WWTP (0.001 kglday), McLouth Steel- 
Trenton (0.00043 kglday), Monsanto (0.00036 kglday), Wayne Co-Wyandotte WWTP (0.00027 
kglday) and Pennwalt (0.0002 kg/day) (UGLCCSMC, 1988). More recent data from the Detroit WWTP 
(September 1986 and August 1987) indicated a ten fold increase of HCB loading from the plant to the 
Detroit River (0.011 kglday). Consequently, total point source releases to the Detroit River are 
estimated to be 0.01226 kglday (4.5 kg/year). 

indirect loadings via stormwater and combined sewer overflow from Windsor are estimated to 
be 0.027 kg/year (cited in UGLCCSMC, 1988, original reference not available). 

Johnson and Kauss (1987) also estimated loadings to the 'head', 'mid' and 'mouth' sections 
of the Detroit River. Whole water concentrations for HCB were estimated using Oliver's method 
(Oliver, 1986). Loadings estimates in whole water were found to be 0.04 kglday (14.6 kg/year), 0.1 
kglday (36.5 kg/year) and 0.2 kglday (73 kg/year), respectively. HCB loadings were lower at the head 
of the Detroit river than at the mouth of the St. Clair River indicating losses of HCB in Lake St. Clair. 

The annual input from the Detroit River to Lake Erie was calculated to be 102 kg with an 
additional loading of 7.6 kg/year from other tributaries (Kelly er al., 1991) 

Niagara River 

HCB has been detected at numerous sites along the Niagara River (see Section 6). Three Water 
Pollution Control Plants (Fort Erie WPCP, Niagara Falls WPCP and Welland WPCP) and an industrial 
facility (Stelpipe Welland Tube Works) accounted for‘ the Ontario point source loadings of HCB to the 
Niagara River according to a 1989 investigation (MOE, 19893). HCB loadings of 0.00078 kglday (0.28 
kg/year) and 0.000161 kglday (0.059 kg/year) were estimated for the years 1986-1987 and 1988- 
1989, respectively. No information could be found from the United States shoreline. 

Most of the non-point sources of HCB are the result of leachates from hazardous waste sites 
located in the Niagara Falls, New York area. Although no loading estimates are available, drainage 
systems and underground leachates are a steady scurce of HCB that is either directly discharged to 
the Niagara River or indirectly by tributaries and creeks. There are four disposal sites situated in the 
New York area responsible for inputs of HCB to the Niagara River: Occidental Chemical (Hyde Park - 

Site 39) located in the northwest corner of the Town of Niagara, Niagara County Refuse Disposal (Site 
81) located in the town of Wheatfield and two sites situated in the city of Niagara Falls: Olin 102"‘ 
Street (Site 56) and Occidental Chemical. Buffalo Avenue Plant (Site 41A). The maximum 
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concentration of HCB in groundwater flowing from the Occidental Chemical plant was 25 200 000 
ng/L (Mean concentration: 5 319 000 ng/L). Further, from 1948 to 1970, over 54 tonnes of HCB 
were disposed of in the Olin 102"6 Street landfill (NRTC, 1984). A number of other sites have 
acknowledged disposal of chlorobenzenes in their landfills but have not indicated specific compounds. 
Groundwater leachate from the C.N.R. Victoria Avenue Landfill located in Niagara Falls indicated the 
presence of HCB a year after being closed in 1981. _ 

Urban runoff loadings of HCB to the Niagara River have been evaluated for the Canadian 
drainage basin. Annual loadings in water and sediment ranged from 0.0157-0.115 kg (NRTC, 1984). 

Pollution of the Niagara River with chemicals wastes has led to severe contamination of Lake 
Ontario. A crude loading of 120 kg/year of HCB to Lake Ontario from the Niagara River was estimated 
using median river concentrations of 1981-1983. Further loadings to Lake Ontario via sediment (18 
kg/year). St. Lawrence River (6 kg/year) and 'unaccounted material“ (96 kg/year) were also estimated 
(Oliver, 1987a). 

Cornwall and Massena Region 

As summarized below (Appendix A - Table 12), effluent menitoring in 1979 and 1980 indicated 
that the major contributor of HCB loadings to the St-Lawrence River was Domtar Fine Papers Ltd. (a- 

pulp and paper mill), with minor loadings from the Cornwall WPCP and the Cornwall Chemicals complex 
(Kauss et a/., 1988). 

Although Massena, New York State, has a number of aluminum producers, associated 
industries and a sewage treatment plant, no available information regarding HCB discharges could be 
found. 

Hamilton Harbour Region 

The Woodward Avenue sewage treatment plant, situated in Hamilton and the Skyway plant 
in Burlington account for the majority of HCB discharged to Hamilton Harbour. The former discharges 
via Redhill Creek. Loadings of HCB are 0.004 and 0.003 kg/day, respectively (RAP, 1989). 

Atmospheric deposition of HCB to Hamilton Harbour has been estimated to be 0.001 kg/day 
(RAP, 1989). 

Based upon the above information, total HCB discharged to Hamilton Harbour is 0.008 kg/day 
which is equivalent to 2.9 kg/year. ‘ 

5.6 HCB Sources to the Prairie Provinces 
5.6.1 Chlor-alkali Production 

Dow Chemical Canada Inc. located at Fort Saskatchewan, Alberta, and Weyerhaeuser Canada 
Ltd., a subsidiary of Saskatoon Chemicals Ltd., at Saskatoon, Saskatchewan, are the only operational 
chlor-alkali plants in the prairie provinces (SRI International, 19903). The Dow Chemical plant was built 
in 1968 and uses a diaphragm cell process. The current annual capacity is 550000 tonnes/year. No 
information was found regarding the type of anodes the facility uses. The Saskatoon plant (formerly 
Prince Albert Pulp Co.) was censtructed in 1964. Originally, the facility operated via a mercury cell 
process using graphite anodes, but the plant converted to a diaphragm process in 1978 and now 
utilizes non-graphite anodes. Plant capacity is 33000 tonnes/year (SRI International, 1990a). 

Two other plants, now closed, have manufactured chlorine within the region. Two Hills 
Chemical Company at Two Hills, Alberta, operated by the diaphragm process (1095 tonnes/year) until 
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about 1969. Canadian Occidental Petroleum Ltd. at Brandon, Manitoba, closed their diaphragm cell 
plant in 1978 after 10 years of operation using graphite anodes (13500 tonnes/year) (Gilbertson. 
1979). The facility was situated in Brandon, Manitoba. The process produced about 170 kg of HCB 
residues per day, half of which was deposited in the Brandon municipal dump while the other half was 
discarded on-site in the brine slush pits (Gilbertson, 1979; Tuttle, 1979). 

5.6.2 Sodium Chlorate Production 

There are two operational sodium chlorate facilities in the region: CanadianOxy Industrial 
Chemicals Limited Partnership (formerly Canadian Occidental Petroleum Ltd.) at Brandon, Manitoba and 
Weyerhaeuser Canada Ltd. at Saskatoon, Saskatchewan. Plant capacities are 18000 tonnes/year and 
45000 tonnes/year respectively (SRI International, 1990a). In 1979, the Brandon facility used graphite 
anodes (Gilbertson, 1979). It is not known whether the company has switched to non-graphite 
anodes. No information regarding the Saskatoon plant was found. The Saskatoon chlorine plant was 
probably expanded in order to accommodate a sodium chlorate plant. 

5.6.3 Pesticide Production 

The manufacture of pentachlorophenol (PCP), used as a wood preservative, has been reported 
to generate HCB as a by-product (Mumma and Lawless, 1975). Two companies have been identified 
as having produced PCP. Dow Chemical Canada lnc., located in Fort Saskatchewan, Alberta, ceased 
manufacture of PCP in 1975. The other plant, Uniroyal Chemical Ltd. at Clover Bar, Alberta, was still 
producing PCP in 1979 at a capacity of 1800 tonnes/year (Tuttle, 1979; Gilbertson, 1979). It is 

unknown whether this facility is still operational. 

5.7 HCB Sources to British Columbia 

5.7.1 Chlor-alkali Production 

All three operational chlor-alkali plants have converted from graphite to DSA consequently 
eliminating production of HCB. The plants are owned by CanadianOxy Industrial Chemicals Limited 
Partnership, two of which were formerly owned by Canadian Occidental Petroleum Ltd. (in North 
Vancouver and Nanaimo). The other was formerly owned by FMC Chemicals Ltd. and is located in 
Squamish. The North Vanc0uver diaphragm cell facility was built in 1957 and operated for 18 years 
using graphite anodes. Although a 1977 survey still indicated the presence of HCB in their waste 
effluents, it is believed that the source of that contamination was due to past operations. In the same 
investigation, HCB did not appear to be leaching out of the landfill site as a soil sample outside the area 
had no detectable levels of HCB (Gilbertson, 1979). The current capacity of this plant is 145000 
tonnes/year. The Nanaimo diaphragm cell plant first operated in 1964. In a 1977 survey, 20% of the 
anodes had been changed from graphite to DSA. The conversion was completed in 1979. The current 
plant capacity is 30000 tonnes/year (SRI International, 1990a). In 1977, the final plant effluent 
accounted for an annual HCB release of 0.05 kg/year of HCB (Vlfilson and Wan, 1982). At the time 
of the survey, elevated levels of HCB were detected in the drainage ditch that served the plant yard 
and solid waste (contaminated sludges) landfill area. Sludges from the reboiler tank within the plant's 
chlorine purification train contained 1270 mg/L of HCB. Surface runoff and leaching from the landfill 
site into the drainage system may account for the elevated levels of HCB detected in the ditch 
sediments. Subsequent investigations undertaken in 1978 and 1980 also confirmed a steady source 
of HCB from the landfill site into the drainage ditch that discharges into the Northumberland Channel. 
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Although the Squamish facility replaced their graphite anodes by 1975, water samples of the plant's 
effluent in a 1978 survey indicated an annual discharge of HCB of 0.45 kg/year (Gilbertson, 1979). 
This mercury cell plant was built in 1965 and operated using graphite anodes for 20 years. Its current 
chlorine production capacity is 64000 kg/year (SRI International, 1990a). During a “routine 
maintenance inspection of a chlorine mist eliminator, FMC plant personnel discovered that the » 

fibreglass core in the unit was coated with a white crusty solid. Analysis of this material at an 
analytical laboratory demonstrated that this deposit was 99.99% HCB. In order to recover the HCB 
it was necessary to Slurry the solid in concentrated sulphuric acid. The slurry was then pumped into 
45 LG. steel drums. sealed, and labelled in preparation for transport to the United States. A total of 
19 drums were shipped to an Oregon hazardous waste landfill operated by Chem-Nuclear Systems Inc. 
(Gilbertson, 1979). 

5.7.2 Sodium Chlorate Production 

There are four sodium chlorate plants in British Columbia: Albright and Vlfilson Americas plant 
at North Vancouver (formerly ERCO Industries), B.C. Chemicals Ltd. at Prince George, and two 
CanadianOxy Industrial Chemicals Limited Partnership plants (formerly Canadian Occidental Petroleum 
Ltd.) located at Squamish and Nanaimo. The Albright andVWlson plant came on line in 1957 and has 
a current capacity of 76000 tonnes/year (SRI International, 1990a). In a 1974 survey, the facility 
operated using graphite anodes and the sludges were disposed of in the North Vancouver Municipal 
Landfill. No HCB has been detected leaching from this landfill. However, in a 1977 investigation HCB 
levels were detected in water and sediment samples from the mud wash tank, effluent to the lagoon. ‘ 

Burrard Inlet, and to the East Sewer Outlet (Gilbertson, 1979). Also, a sample near the East Sewer 
Outlet indicated HCB contamination. No information was found regarding the kind of electrodes the 
facility currently uses. The B.C. Chemical plant was built in 1967 and was reported to be using 
graphite anodes in 1974. Subsequent information has not been found. The plant's present capacity 
is 34000 kg/year (SRI International, 19903). The CanadianOxy Industrial Chemicals Limited Partnership 
plant at Squamish operated in 1973 and was reported to be using platinum electrodes. Sludge from 
this sodium chlorate plant showed no detectable levels of HCB. The fourth plant located at Nanaimo 
is suspected to be an addition to the existing chlorine plant. Its current annual sodium chlorate 
production capacity is 8000 tonnes/year (SRI International, 1990a). Additional information concerning 
the plant was not available. - 

5.7.3 Wood Preservation Industry
‘ 

In 1978, HCB was detected in the sediments and fish tissue samples near six wood 
preservation plants: Seaboard expOrt terminal on Burrard Inlet, Crown Zellerbach at Coquitlam, 
Canadian White Pine at Burnaby, Empire Mills at Squamish, British Columbia Forest Products at 
Victoria, and Somass and Alberni Pacific at Port Alberni (Gilbertson, 1979; Wilson and Wan, 1982). 
The plants were either located on the lower Fraser River or the southeast coast of Vancouver Island. 
Most plants utilized spray and/or dip-treatment facilities. Although the wood preservation plants were 
regarded as a minor source of HCB, these sources were apparently sufficient to result in contamination 
of the receiving environment near the plants. ‘ 

5.7.4 Pesticides Formulations 

In 1973 and 1976, samples of Dacthal formulations, sold in British Columbia, were obtained 
from two B.C. formulators in order to determine HCB content. HCB concentrations ranged from 5.6% 
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prior to 1973 to 9% in 1976 (VVIlsonand Wan. 1982). Quantities of HCB used in British Columbia 
could not be found. 

5.8 Summary of HCB Sources in Canada 
HCB is released to the Canadian environment as by-products from the chlorinated solvents 

industry, wood preservation industry, aluminum smelting industry, textile industry, pulp and paper 
industry, soap industry, and the paint industry. Emissions from the chlor-alkali and sodium chlorate 
industry, pesticide manufacture and application, landfilling, industrial and municipal incineration, and 
long range atmospheric transport and deposition of HCB are also sources that contribute to loadings 
of HCB to the Canadian environment. 

The chlor—alkali and sodium chlorate industry that used graphite anodes historically produced 
HCB. HCB was also detected in waste effluents, sediment ditches, pond sediments and from leachates 
as a result of landfilling HCB generated wastes. Most of the chlor-alkali and sodium chlorate plants 
are known to or likely have switched from graphite anodes to BSA. As a result, HCB is no longer 
generated from these processes. However, three plants in British Columbia, one in Quebec and 
another in Nova Scotia still generate HCB in their effluents and in drainage ditches presumably from 
past practices. Currently, the major source of HCB generated by these industries is from HCB 
contaminated wastes that were Iandfilled (Gilbertson, 1979). Because of low cost and convenience, 
landfilling was the predominant final waste management practice in the 19705. Therefore, a 
considerable amount of 'hex waste' may be in landfills. Quantities that were Iandfilled from the chlor- 
alkali, sodium chlorate and pesticide industries could not be found, but amounts are suspected to be 
substantial. The chlorinated solvents industry is responsible for generating the bulk of HCB- 
contaminated waste in the United States. In Canada, chlorinated solvents including carbon 
tetrachloride and tetrachloroethylene, are produced in Ontario. Dow Chemical Canada Ltd. at Sarnia 
manufactures both solvents and is responsible for the majority of HCB loadings (100 kg/year) to the 
St. Clair River (Gilbertson, 1979). Major increases in HCB concentrations in sediments from southern 
Lake Huron to Lake St. Clair imply a major source of HCB along the St. Clair River. The likely sources 
are the chemical companies in the Sarnia area known as “Chemical Valley', particularly the Dow 
Chemical Canada sewers. . 

Although it is likely that pesticides are no longer produced in Canada, application of pesticides 
that contain HCB as a by-product may lead to HCB contamination of the soil that is subsequently 
volatilized to the atmosphere. Landfill practices and incineration processes (POHCs and PICS) also play 
a major role in the release of HCB to the atmosphere. As a result of these major air emissions sources, 
long range transport of HCB is regarded as the major source of HCB to other areas in Canada. HCB 
generated in the United States and transported into the Canadian environment likely contributes more 
HCB to the Canadian environment than do Canadian sources. Canadian wetfall and dry'fall deposition 
were estimated to be 460 and 50 kg/year, respectively. Long-range transport plays a significant role 
as a continuing source and means of redistribution of HCB. 

6.0 ENVIRONMENTAL FATE AND CONCENTRATIONS 
This chapter deals with the probable fate of HCB in various environmental media as summarized 

in Figure 6.1. The last Section of the chapter addresses environmental concentrations and levels in 
biota, respectively. 
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6.1 Distribution and Fate 

6.1.1 Soil Phase 

HCB was found to be highly immobile in soils (<0.01-4.73% organic carbon) when leached 
with water and Ieachates using soil column and IiQuid chromatography techniques (Griffin and Chou, 
1981a; 1981b). However, HCB was not eliminated during natural infiltration of river water into an 
aquifer, suggesting that transport in soils with a low organic carbon content is possible 
(Schwarzenbach et a/., 1983). 

HCB was also found to volatilize from surface soils (see 
Section 6.1.6.3). Volatilization decreased with increased soil organic matter content. For example, 
when three soil types (sand, loam, and humus) were compared to one another, volatilization was 
highest in sand and lowest in humus (Kilzer er a/., 1979). 

Half-lives for an aerobic (unacclimated) biodegradation of HCB were predicted to range between 
2.7 and 5.7 years, in the soil phase (Howard 9! al. 1991). 

6.1.2 Water Phase 

The fate of HCB in aquatic systems is complex (Bro-Rasmussen, 1986). HCB introduced into 
the aqueous phase will volatilize, adsorb to sediments, and bioconcentrate in fish and other organisms 
(see Section 6.1.5). The water Column half-lives for HCB have been estimated to range from 0.3 to 
3.0 days in rivers, and over 30 days in lakes based on studies of the Rhine River (Zoeteman et al., 
1980). Schauerete et a/., (1982) found that the half-life for thergsapneaLaaQLHCB from an outdoor 
experimental pond (2-3 m in diameter and 0.85 m deep) by volatilization, sOrption to suspended solids, andflas 1.3 days. '” \‘ 

\_V.olati|ization from surface waters into the amcjéflflél’gii‘flm"5ide‘°_d.—EM° be 3-d.°__m.:_in_3"; t_—t"-30_SIE§_.;. 
mechanism (.Ml" and Haag, 1986; Oliver, 1987b; Lau er a/., 1989). For example, Oliver (1984a) and 
Oliver and Charlton (1984) estimated that approximately 80% of HCB loadings in Lake Ontario from 
the Niagara River in 1982 was lost through volatilization. 15% accounted for sedimentation and 5% 
for outflow into the St. Lawrence River. A relativelyagmtario was 
correlated with fairly low suspended solid coh'c’é'rfirations in the Niagara River/Lake Ontario vicinity“ 
(approx. 1-5 mg/L of water) (Oliver and CharltOn, 1984). Historically, higher concentrations of 
suspended solids in that region (8.4 to 22 mg/L) probably contributed to a higher percentage of HCB 
removal via sedimentation (Halfon and Oliver, 1985) (Appendix B - Table 1). 
Lau et al. (1989) reported that suspended sediments can transport large amounts of HCB, especially 
near industrial outfalls such as in the St. Clair/Detroit Rivers system. Transport by suspended 
sediments (up to 200 g/day) in the Sarnia/Detroit Rivers appeared to be due to input of HCB- 
contaminated solids into the river. Transport of dissolved HCB in that area accounted for 50-70% less 
than that in suspension (Lau et a/., 1989). The opposite was found for the lower Niagara River; waste 
materials were carried primarily in the dissolved form (Oliver, 1987b). 

/Degradation ‘pr cesses i l 

' g-biodegradatiog- ,_hydrolysis,_and oxidation are not considered 
aMgZE-ICB (Oliver, 1984a; Mansour et a/., 1986; Oliver and Carey,'1986). Half-liVéE’foT" 

an aerobic (unacclimated) biodegradation of HCB in surface waters has been predicted to range from 
2.7 to 5.7 years (Howard at al. 1991). 

.. 
., .51 wwgc (My .9 
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6.1.3 Sediment Phase 

HCB once delivered to bottom sediments will accumulate there. In Lake Ontario, HCB is 
primarily deposited in the Niagara, Mississauga and Rochester sedimentation basins (Appendix B - Table 
2) (Oliver, 1984a), but the sediment burial rate is very slow (Oliver et al., 1989). Sediment trap 
studies indicated that bottom sediments and their associated HCB are resuspended by lake currents, 
turbulence (Oliver and Charlton, 1984), and by mixing of surface sediments by aquatic organisms 
(Karickoff et al., 1985; Gerould and Gloss, 1986). Resuspension can carry HCB throughout the water 
column, but the process is more pron0unced near the bottom. Desorption processes from resuspended 
bottom sediments can be an important process facilitating releases of HCB into water (Oliver, 1984a). 
Crude estimates by Oliver et al. (1989) indicated that approximately 10 metric tons of HCB is 
deposited in the surficial sediment (0-3 cm) of Lake Ontario. This estimate also implies that sediment 
accumulated HCB can impact the lake for many years (Oliver er al., 1989) even if the discharges from 
the Niagara River continue to decrease (Appendix B - Table 3). Concentration profiles of chlorinated 
benzenes in Lake Ontario suggest that HCB persists in the sediment phase (Oliver and Nicol, 1982). 

Transport of HCB by the bed sediments in rivers may be significant. However, in the St. Clair 
and Detroit Rivers, the role was negligible because of a lack of supply of such sediments from 
upstream (Lau et al., 1989). 

6.1.4 Air Phase 

Photochemical destruction of HCB in the troposphere was found to be slow. A half-life of 
approximately 90 days was predicted for direct photolysis by sunlight (Mill and Haag, 1986). Reactions 
of HCB with hydroxyl radicals are not considered to be important. Photooxidation half-lives were 
estimated to be between 156.4 days and 4.2 years for polluted and pristine environments, respectively 
(Howard at al., 1991 ). In the atmosphere, HCB can be sorbed to particulate matter, but most will 
remain in the vapor phase and be transported over distances (Bidleman et al., 1986; Ballschmiter and 
Wittlinger, 1991; Lane et al., 1992a). Atmospheric transport is reported to be involved in translocation 
of HCB from mid-latitudes to the Arctic (Oehme and Stray, 1982; Norstrom and Muir, 1986; Bidleman 
et al., 1987; Cotham and Bidleman, 1991) and to other remote areas (Atlas and Giam, 1981). Another 
route for HCB long-range transport is through ocean currents (Norstrom and Muir, 1986; Ballschmiter 
and Wittlinger, 1991). 
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Figure 6.1 Predicted environmental fate and persistence of HCB. 
Half-lives are indicated where known. 
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6.1.5 Bioaccumulation 

6.1.5.1 Uptake and Bioaccumulation in Aquatic Organisms 

Bioaccumulation data have been obtained for various organisms. Bioconcentration factors 
(BCF) ranged from 375 to > 35000 (Appendix B - Table 4). For most aquatic species, a long period 
of time is required to reach equilibrium between levels of HCB in tissue and levels in water. In large 
organisms, the time required to reach equilibrium may be longer than the lifespan of the organism. For 
example, HCB did not attain equilibrium in rainbow trout (Oncorhynchus mykiss) even after 119 days 
of exposure at environmental concentrations (ng/L) (Oliver and Niimi, 1983). Total body burden of 
HCB in a juvenile fathead minnow (Pimepha/es prome/as) continually increased during 28-day tests, 
resulting in a mean BCF value of 35000. Using a computerized kinetics approach, a steady-state BCF 
of 52000 was estimated from this study (Kosian et al., 1981). Hawker and Connell (1985) have 
suggested that reported BCF values for HCB in many organisms were underestimated because 
equilibrium was not achieved. 

The uptake of HCB in benthic invertebrates has been investigated in several laboratory and field 
studies. The results clearly demonstrated that some of the HCB accumulated in sediments is available 
to infaunal species. Reported bioaccumulation factors (BAF) (defined as: tissue concentration (wet 
weight)/sediment concentration (dry weightl) for invertebrates in HCB-containing sediments range from 
0.04 to 0.58 (high-organic-content sediment) and 1 .95 (low-organic-content sediment) (Oliver, 1984c; 
Knezovich and Harrison, 1988; Gobas et a/., 1989). The bioavailability of sediment-bound HCB is 
inversely related to sediment organic carbon content (Knezovich and Harrison, 1988), and is also 
influenced by the type and size of the organisms, feeding habits (Boese et al., 19903), extent of 
contact with sediment pore and interstitial waters (Landrum, 1989), and the surface area of the 
substrate (Swindoll and Applehans, 1987). Landrum (1989) suggested that the bioavailability of 
sediment-sorbed chemicals declines as the contact time between the sediment and a contaminant 
increases. For example, the field BAF (0.14) in mayfly (Hexagem'a limbata) population from Lake St. 
Clair was lower in comparison to the BAF (2.1) derived from laboratory experiments. This was 
expected due to a longer contact time between HCB and sediments in the field than those in laboratory 
tests (Gobas et a/., 1989). 

A significant correlation was found between HCB concentrations in oligochaetes and 
corresponding sediment HCB concentrations in Lake Ontario. In contrast, no significant relationship 
occurred between levels of HCB in amphipods and sediments. The results were related to differences 
in feeding characteristics of the organisms. The amphipods, Pontoporeia hoyi, occupies the sediment 
water interface and feed on detritus settled from overlying water, while oligochaetes are deposit 
feeders and are found within the surficial sediments (Fox et al., 1983). The efficiency of gut uptake 
of HCB sorbed on ingested sediments was approximately 38~56% for the deposit feeding bivalve, 
Macoma nasuta, (Lee et al., 1990). Boese et al. (1990b) identified ten potential uptake routes for 
Macoma nasuta. The uptake of HCB by the gut from ingested solids was the single most important 
route, accounting for 63 to 84% of HCB tissue residues, whereas uptake from interstitial water 
ventilated across the gills accounted for about 11 to 12%, and only a minimal amount was taken up 
from overlying water (Boese et al., 1990b). For filter-feeding bivalves Such as Mytilus sp. (Boese er 
a/., 1988) and Elliptic comp/anata (Russell and Gobas, 1989), the predominant source of HCB is the 
sediment overlying water. 

In field situations, suspended solids may be an important factor in reducing bioavailability of 
HCB to organisms exposed via water, and in increasing HCB availability to organisms that ingest 
contaminated particles (Wachtmeister and Ekelund, 1989). Schuytema et al. (1990) observed that 
addition of HCB-spiked sediments did not result in a significant increase in the uptake of HCB by the 
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worm (Lumbr/cu/us variegatusl, amphipods (Hya/e/Ia azteca and Gammarus lacustris), and fathead 
minnows (Pimephales prame/as) in a laboratory recirculating water/sediment system. However, there 
was a substantial increase of HCB levels in bed sediment, suggesting that sediment served as a more 
effective sink for HCB than the organisms. Opperhuizen er al. (1988) found that HCB-contaminated 
particles, if present in high amounts, can act as a source of HCB to water. 

The pathway by which pelagic organisms accumulate HCB is not clear. Oliver and Niimi (1983) ' 

reported that field observations of HCB concentrations in rainbow trout (Oncorhynchus mykiss) taken 
from Lake Ontario were much greater than what laboratory BCF values and the low HCB levels in the 

' 

lake would indicate. Thus, in the environment where waterborne HCB concentrations are very low, 
uptake from food could be substantially greater than that from water (Niimi and Cho, 1981 ). Several 
studies have shown that higher trophic level organisms in natural aquatic ecosystems accumulated 
HCB to levels higher than w0uld be predicted from knowledge of the chemical properties of HCB 
(Oliver, 1987a; Oliver and Niimi, 1988). These results support the hypothesis that food is the more 
important uptake route for HCB in higher trophic level organisms. In Lake Ontario, Oliver and-Niimi 
(1988) observed that tissue residue concentrations increased from plankton (mean = 1.6 ng/g wet 
weight) to mysids (mean = 4.0 ng/g wet weight) to alewife (mean = 20 ng/g wet weight) to 
salmonids (mean = 38 ng/g wet weight). Braune and Norstrom (1989) used the herring gull (Larus 
ergentatus) and one of its principal food items, the alewife (Alosa pseudoharengus) to document the 
accumulation of HCB at various levels in a Great Lakes food chain and calculated a biomagnification 
factor (whole body, wet weight basis) of 31. These studies provide evidence of the importance of 
food organisms as an uptake route for- higher trophic level organisms. Further, the results of a 
laboratory feeding study showed that HCB was taken up from a contaminated diet (added in an oil 
base) by rainbow trout (Onchorhynchus mykiss) with an assimilation efficiency of 80-90% of the dose 
(Niimi and Cho, 1980), and appeared to be higher than that observed in oligochaetes (26 to 36%) and 
deposit-feeding clams (38%) (Lee er a/., 1990). Accumulation of HCB from dietary sources was also 
fOund among striped bass larvae (Morone saxari/I's) (Westin er al., 1985). 

Isensee et al. (1976) investigated the bioaccumulation potential of HCB in a model aquatic 
ecosystem. They found that higher food chain species accumulated the highest levels of HCB. Snails 
(He/iosoma sp.) and mosquito fish (Gambusia affinis) had 1.5 and 2 times higher concentrations of HCB 
than algae (Oedogonium card/'acum) and daphnia (Daphnia magna). Catfish (Ictalurus punctatus) 
accumulated 10 times higher levels of HCB than did any other organism. However, the relative 
contribution of aqueous and dietary saurces to body burdens were not quantified. Furthermore, there 
was no evidence that HCB bioaccumulation had reached equilibrium. Laseter et al. (1976) found that 
after 7 days the dietary contribution of HCB to bluegill sunfish (Lepomis mac/ochirus) was 17% of that 
from aqueous exposure alone. 

HCB was found to accumulate at all trophic levels in the Niagara River/Lake Ontario system 
(Fox er a/., 1983). Table 4 (Appendix B) shows that under steady-state conditions the BCF for aquatic 
plants, invertebrates and fish varied considerably. Boese er al. (1990a) indicated that clams such as 
Macoma nasuta (BCF 3490), accumulated less HCB than fish (BCF >35000). However, the BCF of HCB in oligochaete worms (Tubifex tubifex and Limnodr/‘lus hoffmeisten) after exposure to 
contaminated sediments was found to be 24000. HCB concentrations in the sediment interstitial water 
appeared to be the major factor controlling bioconcentration of HCB in worms (Oliver, 1987c). 

The accumulation of HCB in terrestrial vegetation has been demonstrated in several studies 
(Appendix B - Table 5). Scheunert er al. (1983) found that all parts of wheat plants accumulated HCB 
either from soil or from direct application of HCB to the seeds before planting. The bioaccumulation 
factor (concentrations in plant/concentrations in soil), however, was approximately 30 times lower in 
the whole wheat plants (0.21) with HCB applied to soil, than in the plants with treated seeds (7.93). 

NHW/DOE, June 1993



CEPA Supporting Documentation 32 
Hexachlorobenzene 

The roots (70.3) accumulated more HCB than did the aerial parts (0.03 to 1.9). In studies wih barley. 
the bioaccumulation factor was lower in seeds than that in the whole plants (Topp er al., 1989). 

6.1.5.2 Elimination by Aquatic Organisms 

Depuration half-lives of HCB by aquatic biota were found to range from a few days to several 
months (Appendix B - Table 6). The uptake kinetics of HCB by aquatic macrophytes (Myn‘ophy/Ium 
spicatum), commonly found in the Detroit River and Lake St. Clair areas, was determined under 
continuously flow-thr0ugh conditions, at a 100 mglL initial concentration of HCB, and a 25-day 
exposure period. During the depuratiOn study, macrophytes eliminated 95% of HCB during the first 28 
days. The elimination was characterized by an initial phase of relatively rapid elimination, followed by 
a phase of slower elimination (Gobas et al., 1991 ). 

A similar, two phase-elimination pattern of HCB was reported for most of the following 
studies. The elimination half-lives of HCB in invertebrates have been found to range from less than five 
days for filter feeding mussels (Elliptic camp/snare) (Russell and Gobas, 1989). to 16 days for deposit- 
feeding clams (Macoma nasuta) (Boese et al., 19903), and up to 27 days for oligochaete worms 
(Tubifex tub/Tex and Limnodrilus hoffmeisterl) (Oliver, 1987c). The bivalve, Myti/us edulis, eliminated 
90% of HCB uptake after 10 days of depuration (cited in Bro-Rasmussen, 1986). The relatively rapid 
elimination of HCB in filter-feeding species is likely due to the large volumes of water ventilated over 
the gills (Wachtmeister and Ekelund, 1989). 

Elimination half-lives for fathead minnows (Pimepha/es promelas) ranged from 7 to 21 days 
after exposure to waterborne HCB (Kosian et a/., 1981). Rainbow trout (Oncorhynchus mykiss) 
eliminated HCB at a slower rate following an intraperitoneal injection (17 ug/0.5 ml peanut oil) or after 
being fed (225 and 440 pg HCB ) a contaminated diet for 25 days. The half-lives ranged from 60 
(Norheim and Roald, 1985) to >210 days (Niimi and Cho, 1981), respectively. 

Konemann and van Leeuwen (1980) measured the uptake and depuration rates of 
chlorobenzenes by guppies. Bioaccumulation of chlorobenzenes increased with log K", until a 
maximum value of log KW =6.6 was reached. The log K0,, was found to be inversely correlated with 
the rate of depuration. Oliver and Niimi (1983) observed a positive correlation between the BCF and 
log Kow of chlorinated benzenes except for HCB. HCB did not attain equilibrium at either of the 
exposure concentrations during the study (105-119 days), and subsequently no reliable BCF was 
available (Oliver and Niimi, 1983). 

6.1.6 Removal Pathways 

Photodegradation 

HCB has maximum light absorption at > 285 nm, and thus photochemically induced reactions 
are expected (Wachtmeister and Ekelund, 1989). However, in the adsorbed state on a silica gel, only 
0.9% of HCB was converted to CO2 (Mansour et a/., 1986). Uyeta et al. (1976) observed 
photoformation of small amounts of polychlorinated biphenyls from pure (solid) HCB after exposure to 
sunlight for up to 56 days. The light-induced degradation of HCB to penta- and tetrachlorobenzenes 
in water-acetonitrile mixture has been reponed (Carpenter et al., 1986; Choudhry and Hutzinger, 1984; 
Mill and Haag, 1986). Reductive dechlorination was the main transformation pathway resulting in the 
photoformation of penta- and tetra-chlorobenzenes. Similar results were obtained (Dime (1982) cited 
in Carpenter et al., 1986) when HCB was irradiated in distilled water or in 2% aqueous methanol in 
a laboratory photoreactor, or in sunlight (summer). Photolysis of HCB in hexane and 20% acetonitrile 
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in water generated a half-life of approximately 90 days under sunlight conditions (Mill and H339. 
1986). 

In the environment, photodegradation of HCB may be accelerated by naturally occurring photo- 
‘ 

sensitizers. Hirsh and Hutzinger (1989) suggested that aromatic amines such as tryptophan and 
diphenylamine can fulfil this role for HCB in surface waters. HCB DhOtOIYfiC TBBCtion rates in the 
presence of the following compounds were: diphenylamine (1 mg/L) = 7.2 “0* s“; tryptophan (3.4 
mg/L) = 1.7 x 10* s" and tryptophan (3.4 pg/L) - 2.3 x 10"3 s". For comparison, the rates of 1.3 x 
10'“ s'1 and 2.9 x 10“ s" were observed in distilled and pond water, respectively. However, since the 
above studies used higher concentrations of HCB than are encountered in the environment and since 
the light absorbance of HCB in the solar region is weak, it is unlikely that photolysis is an important 
degradation process for HCB in water (Oliver, 1987a). 

Oxidation and Hydrolysis 

HCB is resistant to hydrolysis and is thermally stable under conditions found in the ambient 
environment (Callahan et a/., 1979). This is probably because the aromatic (C-Cl) bonds of HCB have 
a strength of about 95 kcal/mol and are not susceptible to hydrolysis at temperatures below 150- 
200°C. Oxidation also appears to be an unimportant removal mechanism (Mill and Haag, 1986). (1" 

Volatilization 

Although HCB is nearly insoluble, it has a high activity coefficient causing the substance to 
volatilize out of water (Mackay and Wolkoff, 1973; Mackay and Leinonen, 1975). Laboratory 
determined volatilization half-lives were found to be between 5 and 5.7 hrs (Dime (1982) cited in 
Carpenter et a/., 1986). These values compared well with the calculated half-life of 8 hrs from a one 
meter water depth reported by Callahan er a/., (1979) and the half-life of 1.3 days for HCB in the 
outdoor experimental pond tests of Schauerete er al. (1982) (Appendix B - Table 6). HCB is expected 
to evaporate from soil (Nash and Gish, 1989), but at a much lower rate than from water (Kilzer et a/., 
1979). In laboratory studies, Kilzer et al. (1979) showed that a maximum of 3.7% of HCB added to 
1 cm soil layer volatilized during the first hour after application. In water, 52% of applied HCB 
disappeared during the same time. After two hours, volatilization dropped to 1.5% in water and <1 % 
in soils. Volatilization from soil (sandy loam) increased 1.8 fold for each increase of 10°C. Using a 
two-compartment model system, Nash and Gish (1989) investigated the fate of HCB after an addition 
of 2.5 kg/ha to surface soil. After 154 days at 5°C, 23% of HCB was found on the soil surface. 
24.6% was lost to air, and 52.4% dissipated in the soil by binding or degradation. Beall (1976) 
measured the persistence of HCB applied aerially (equivalent to 10000 ng/g in the top 5 cm soil) to 
a simulated pasture in a greenhouse for 19 months. Twenty hours after application, the top 2 cm of 
soil contained 56000 ng/g of HCB. Concentrations over time gradually decreased, with 3.4% of the 
initial level remaining after 19 months. In the 2-4 cm soil depth, no HCB loss was observed throughout 
the experiment. ioJaIejbetemoval mechanism operating at the surface layer. 

Sorption 

Wilken and Wirth (1986) found that HCB binds preferentially to organic substrates with the 
sorption partition coefficients (Kp) of 12000 for suspended'solids, 28000 for activated sewage sludge 
and only 140 for mineral-bentonite. ln correspOnding desorption experiments, distilled water 
remobilizéd up to 100% HCB from the mineralogical adsorbents, while desorption was less than 20% 
from suspended particulates, and only 3% from activated sludge. HCB may form a bound complex 
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with macromolecules such as humic substances in the pore fluid of a soil. West et al. (1985) feund 
that a HCB/humic acid complex facilitates the transport of HCB through the soil column. Similar results 
were predicted by Bengtsson et al. (1987) using a chemical transport model. These results led the 
authors to suggest that the facilitated transport of trace organics accounts for the presence of very 
hydrophobic pollutants in ground water below disposal sites. 

Oliver (1985) measured desorption of HCB from sediment/water slurries after continuous 
gaseous purging. After 39 days, 41% of HCB was desorbed at 4°C, 51% at 20°C, and 81% at 40°C. 
Desorption half-lives averaged 60 days at 4°C, 40 days at 20°C, and 10 days at 40°C. The half-life 
of 60 days under the low temperature conditions in the sedimentation basins of Lake Ontario indicates 
that about 98% of HCB will be desorbed from a sediment layer 1 mm thick (8700 km’), annually. 
Crude estimates have shown that loadings of HCB via desorption, although relatively low (19 kg) in 
comparison to the loadings from active sources (e.g. 120 kg/year from the Niagara River), can be an 
important source of HCB to Lake Ontario (Oliver, 1985). No other studies were found to confirm these 
calculations. 

In conclusion, the extent of transport of HCB in soils is inversely correlated with soil organic 
content and positively correlated with temperature (Kilzer et a/., 1979; Griffin and Chou, 1981a; 
Schwarzenbach et a/., 1983; Nash and Gish, 1989). 

Biodegradation 

No significant biodegradation of HCB was noted in a screening biodegradation test (Tabak et 
al. 1981 ). Mansour et al. (1986) showed that biodegradation in surface water, activated sludge, or soil 
suspension (aerobic and anaerobic) was negligible (<0.1% conversion of HCB to CO2 after 5-7 days). 
Scheunert et al. (1987) came to the same conclusion when investigating the biomineralization rate of 
“C-labelled HCB in aerobic and anaerobic suspended soils. The wood-rotting fungus, Phanerochaete 
chrysosporium did not mineralize HCB, although it has been found to mineralize other chlorinated 
aromatic compOunds (Bumpus and Aust, 1987). lsensee et al. (1976) treated soil with 100 and 100 
000 ng/g of HCB and stored it under aerobic (sterile and nonsterile) and anaerobic nonsterile conditions 
for 12 months in covered containers. None of the HCB was lost under any of the conditions. Beck 
and Hansen (1974) found a half-life of 4.3 years for biodegradation of HCB in soil samples (treated at 
rates equal 10 kg/ha) stored in plastic-covered containers. 

Recently, Fathepure et al. (1988) observed a slow dehalogenation of HCB to 
pentachlorobenzene and tetrachlorobenzene, and finally 1,3,5-trichlorobenzene (90% recovery) during 
the anaerobic incubation of primary sludges. A minor biodegradation route led to the formation of 
dichlorobenzenes. These findings led Kirk et al. (1989) to evaluate the potential of anaerobic digestion 
as a means of reducing the amounts of chlorobenzenes discharged in sewage sludges to the 
environment. However, no biotransformation of HCB was obverved in their study. 

The biochemistry underlying reductive dechlorination of HCB has also been investigated in vitra. 
Several bacterial transition-metal coenzymes catalyzed the reductive dechlorination of HCB to 
pentachlorobenzene. The rates of the reactions decreased with decreasing chlorine content (Gantzer 
and Wackett, 1991 ). However, the environmental relevance of these experiments is unknown. The 
persistence of HCB is related to the stable nature of the aromatic carbon-chlorine bonds. In addition, 
the highly electronegative chlorines coupled with their uniform symmetry, probably prevent oxidation 
of the aromatic ring (Bumpus and Aust, 1987). 

6.1.7 Predicted Fate in the Environment 

A simulation model, Toxfate, was used to predict the fate of HCB in Lake Ontario. The 
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estimated and observed mass distribution of HCB in the different compartments of the ecosystem 
(water, biota, suspended and bottom sediments) and removal processes are summarized in Table 1 

(Appendix B). The model predicts that for Lake Ontario, 67% of HCB loadings to the system is lost 
through volatilization; 29% is removed by sedimentation, and 4% advected to the St. Lawrence River 
(Halfon and Oliver, 1985). Of the total input (15000 kg) to the lake in 1983, water contained only 90 
kg HCB, and 8 kg remained in fish (Oliver, 1984a; Halfon and Oliver, 1985). Levels Of HCB OStimated 
by the TOXFATE model for water (0.39 ng/L), suspended sediments (6 ng/g dry Weight), bottom 
sediments (53 to 57 ng/g dry weight), plankton (3 to 15 ng/g dry weight), macroinvertebrates (22 to 
1 10 ng/g dry weight), and fish (4 to 22 ng/g dry weight) are within an order of magnitude of measured 
levels (Halfon and Oliver, 1985). - 

A similar fate for HCB in a "standard pond' ecosystem has been predicted using the Persistence 
model (Asher er a/., 1985) and in the 'unit world" using the Level III Fugacity model (Asher et al., 
1985; Mackay et a/., 1985). However, using the "standard lake" ecosystem, the Persistence model 
predicted that 61% of HCB would be removed from water by photodegradation, with the remainder 
(37%) removed by volatilization (Appendix B - Table 1). Both processes, however, are relatively minor 
removal processes since the model-predicts that 92% of HCB will have partitioned to the sediments 

' 

where volatilization and photodegradation are unlikely. The Fugacity and Persistence models did not 
use realistic inputs of HCB to the environment and thus the estimated levels from the models are not 
comparable to measured levels. In addition, the available evidence for photodegradation of HCB in the 
aquatic environment is weak (Oliver, 1987a). 

6.1.8 Summary of Environmental Fate 

_fiMiflflL§i_SlflhuIed_throughout the environment, because of its mobility and resistance ‘ 

to degradation. Volatilization from water to air is considered to be the major removal process from waterflan undergo slow photolytic reactions, be advected, or removed from 
the air phase via atmospheric deposition. Although HCB is immobile within the soil, small amounts 
may be transported in runoff water or volatilize out of surface soil. Slow photolysis seems to be the 
Only process responsible for HCB degradation in the water phase. The residence time in the surface 
water will depend on the rates of volatilization and of sedimentation of suspended solids. Once 
adsorbed to suspended particulates, it is likely to be incorporated into sediments where it may be 
available to benthic organisms or be released to the sediment overlying water. HCB has a high 
bioaccumulation potential, and is poorly metabolized by organisms. 

6.2 Environmental Levels and Trends 

HCB is a widely distributed chemical in the environment (Bro-Rasmussen, 1986). It has been 
detected in water, sediment, soil, air, precipitation and biota samples collected worldwide. This section 
reviews levels and occurrence of HCB primarily in the Canadian environment (Appendix B - Tables 2, 
3, and 7, 9 and 10). 

6.2.1 Ambient Air 

HCB is widely dispersed in ambient air, and is generally present at extremely low concentrations 
(Appendix B - Table 7). Levels of HCB in air are remarkably similar between urban, rural, and remote 
sites, reflecting the persistence and long-range transport of this substance. Data on concentrations 
of HCB in indoor air have not been identified. 
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Recent Canadian data on HCB in ambient air have been reported by Environment Canada (EC. 
1990b, 1991c), as part of the Detroit Incinerator Monitoring Program. Chlorinated benzenes were 
sampled, using high volume air samplers, on approximately 30 sampling days from August/September 
1988 to October 1989. HCB levels at a downtown Windsor site averaged 0.15 ng/m’. and ranged 
from not detectable (limit of detection (LOD) = 0.03 ng/ma) to 0.44 ng/m’. Concentrations were 
virtually identical at a rural site on Walpole Island, some 55 km distant from the incinerator, with a 
mean value of 0.15 ng/ma and a range from ND to 0.34 ng/m‘. 

Similar levels at other sites in Ontario were reported by Lane et al. (1992b). HCB and isomers 
of hexachlorocyclohexane were sampled, using high volume air samplers, at seven Ontario sites 
between 1985 and 1989 (detection limit 7 pg/m’). HCB cencentrations were not clearly related to 
temperature or season, but levels were on average somewhat higher in industrial/urban areas than at 
rural sites. Thus, concentrations averaged 94 pg/m3 at rural sites (range 20-310 pglm’) and 167 mm3 
at urban and source-related sites (range 70-310 pg/m’). 

These levels are similar to or lower than those reported in earlier North American and other 
reports. Based on a literature review, Eisenreich et al. (1981) reported that airborne HCB 
concentrations in ambient air in the Great Lakes ecosystem averaged 0.2 ng/m’, and ranged from 0.1 
to 0.3 ng/m’. Carey et al. (1985, in U.S. EPA, 1986) reported that airborne levels measured from 
1975 to 1979 in 18 U.S. urban areas ranged from 4.4 ng/m3 in Greenville, Mississippi, to less than 0.1 
ng/mJ (= LOD) in Fort Collins, Colorado and Jackson, Mississippi. There was no detectable HCB in 
the majority of the samples. Concentrations of HCB ranged from 0.05 to 0.1 1 ng/m3 (mean = 0.075 
ng/m’) in Portland, Oregon, during seven storm events (Ligocki et al., 1985). Similar levels of HCB 
were measured in a rural area of southern Norway (Oehme and Stray, 1982). The annual levels of 12 
sites throughout Hamburg (Germany), representing a range of air quality (residential, suburban, 
industrial areas) varied from 0.3 to 2.5 ng/m3 with a mean of 0.6 ng/m’. The maximum value occurred 
in a residential/industrial area with metal working and small chemical factories (Bruckmann et al., 
1988). 

In surveys of remote locatiOns, levels of HCB in ambient air have been similar. Patton et al. 
(1988) reported that the average concentration in air sampled from an ice island in the high Canadian 
Arctic was 189 pg/m3 in August of 1986 and 147 pg/m’ in June of 1987 (LOD not repOrted). 
(Because HCB broke through the polyurethane foam adsorbent in the first of two traps in series, the 
authors cautioned that for some samples their results may represent a lower limit). Similar levels 
(range 29-234 pg/m“, LOD not given) were reported by Oehme and Stray (1982) for Norwegian arctic 
and rural stations sampled in 1980-1981. In a survey conducted in 1979 (Atlas and Giam, 1981) the 
average concentration at Enewatak atoll in the North Pacific was 0.10 ng/m’ (LOD not reported). a 
value similar to those measured at other stations from the North Atlantic and the Gulf of Mexico. 

HCB cencentrations in air were analyzed in 1978/79 at seventeen industrial sites in the 
provinces of Ontario and Quebec, Canada, where it was known or suspected to be produced directly 
or as a by-product. HCB was not positively identified above the detection limit of 230 ng/m3 (0.020 
ppb) (SClEX lnc., 1979). However, airborne concentrations of HCB measured near nine U.S. 
chlorinated solvent and pesticide plants in 1973 and 1976 were much higher than background levels 
(Li et al., 1976; Spigarelli et al., 1986; U.S. EPA, 1986). Concentrations as high as 24 [lg/m3 were 
detected in the immediate vicinity of one plant, while the maximum concentration of HCB off the site 
property was 0.36 ,ug/m’. The highest levels were associated with the production of the lower 
chlorinated hydrocarbons (perchloroethylene, trichloroethylene, and carbon tetrachloride). and with 
plants where onsite landfill and open pit waste disposal were practiced. (Detection limits are estimated 
to have been 0.07 yg/m3 or lower, based on data given in Li et al., 1976). The relevance of the above 
data to the situation at present in Canada is uncertain. Since the 1970's, incineration has become the 
preferred option for disposal of HCB, due to a shortage of landfill sites and concerns over leaching to 
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groundwater, and it is likely that other waste disposal practices have also improved substantially since 
these data were collected (Moore, 1992). 

6.2.2 Precipitation 

HCB has been measured in Canadian rainfall samples across the country (Strachan. 1985; 
1988a; 1988b) with mean concentrations for each site ranging from 0.01 to 0.84 ng/L and a Canada- 
wide mean value of 0.13 ng/L. Limited data from other locations indicate that HCB concentrations 
were in a similar range (Appendix B - Table 7). 

6.2.3 Drinking Water 

HCB has been detected infrequently in Canadian drinking water supplies, and at very low 
concentrations. In a study of chlorobenzene levels in the Great Lakes basin, Oliver and Nicol (1982)

_ 

reported that samples of drinking water collected in 1980 from three cities in the vicinity of Lake 
Ontario contained from 0.06 to 0.20 ng/L of HCB, with a mean value of 0.1 ng/L (approximate limit 
of detection 0.01 ng/L). They noted that these levels were similar to those in the corresponding raw 
water samples, and that HCB concentrations did not increase as a result of chlorination. HCB was 
included in a federal-provincial survey of a wide range of chemicals in municipal drinking water supplies 
in the maritime provinces conducted between 1985 and 1988 (EC, 1989b). Approximately 150 
different municipal raw water sources were sampled in duplicate in both spring and fall, in all four 
maritime provinces; concentrations of HCB were below the detection limit (2 ng/L) for all samples 
analyzed. In the Drinking Water Surveillance Program run by the Ontario Ministry of the Environment, 
a variety of contaminants, including HCB, is monitored. In 1988-1990, 86 drinking water supplies 
were analyzed, most of them between 10 and 50 times for a given year. HCB' was not detected in any 
raw or treated drinking water samples, at a limit of detection of 1 ng/L (Lachmaniuk, 1991). 

6.2.4 Water and Suspended Solids 

Levels of suspended sediments reported in this section are on a dry weight basis unless 
otherwise specified. 

Great Lakes 

Average concentrations of HCB in Great Lakes surface water samples (whole water) are 
reported to range from 0.01 ng/L to 0.078 ng/L (Appendix B - Table 3). Recent measurements 
throughout the Great Lakes showed that there are no apparent differences in mean concentrations of 
HCB between Lake Superior and Lake Huron, including Georgian Bay, but that levels were somewhat 
higher in Lakes Ontario and Erie than those found in the Upper Great Lakes. For example, an average 
of 0.078 ng/L was found in Lake Erie with the highest value of 0.26 ng/L observed immediately near 
the mouth of the Detroit River. Biberhofer and Stevens (1987) measured HCB in water samples 
collected aeross Lake Ontario. In open waters (greater than 10 km from shore), concentrations ranged 
from 0.033 to 0.043 ng/L. At eleven nearshore stations, HCB levels were more variable ranging from 
0.017 to 0.103 ng/L, with maximum values recorded near Eighteen Mile Creek, N.Y. 

There are limited data on HCB levels in suspended solids. Stevens and Neilson (1989) indicated 
that HCB concentrations in whole water samples were not statistically greater (p <0.05) than those 
in centrifuged samples (in the dissolved phase) from Lakes Superior, Huron, and Ontario. In Lake Erie, 
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one station with the highest observed suspended sediment level had a significantly higher HCB 
concentration in the whole water versus the centrifuged fraction. 

Great Lakes Connecting Channels 

In the Sarnia-Detroit corridor, the ranges of HCB concentrations were found to be ND-12 ng/L 
in surface water (MOE, 1987; Chan and Kohli, 1987; Oliver and Kaiser, 1986), ND-40000 ng/g in 
suspended sediment (Chan and Kohli, 1987; Chan et al., 1986; Oliver and Kaiser, 1986; Johnson and 
Kauss, 1987; MOE, 1987; Lau et al., 1989), and ND-280000 ng/g in bottom sediments (Oliver and 
Pugsley, 1986; Lau er a/., 1989) on the Canadian shore. Low levels were found in water and 
suspended solids in the head of the river (Appendix B - Table 3). except for a single suspended 
particulate sample containing 1 13 ng/g of HCB. This high value was correlated with precipitation and 
storm events preceeding the study period (Johnson and Kauss, 1987). HCB levels increased near the 
Sarnia industrial complex with peak values of 87 ng/L in whole water and 40 000 ng/g in suspended 
solids near the Dow Chemical cutfall in 1985 (Oliver and Kaiser, 1986). In addition, the mean 
concentration of HCB in the suspended solids samples from this location was 14000 ng/g in 1986 (Lau 
et a/., 1989). In 1986, peaks were observed in areas adjacent to the Dow and Polysar facilities with 
12 and 75 ng/L being reported in surface and bottom water samples, respectively (MOE, 1987). 
Levels declined at increasing distances from point sources, but remained elevated for at least 25 km 
downstream (Oliver and Kaiser, 1986). At Port Lambton, about 41% of HCB occurred in the dissolved 
phase, indicating that a major fraction was transported by suspended sediments in the river. At the 
outlet of Lake St. Clair, HCB levels declined (Appendix B - Table 3) as a result of significant losses in 
the lake (Chan et a/., 1986). Similar findings were reparted for a survey conducted in 1984 (Johnson 
and Kauss, 1987). 

Mean HCB levels in the Detroit River water were similar from the head (0.31 ng/L) to the mouth 
(0.33 ng/L) of the river (UGLCCSMC, 1988). In another monitoring program, concentrations in whole 
water along the Canadian shoreline slightly increased from the head (0.094 ng/L) to the mid (0.28 
ng/L) and to the mouth (0.59 ng/L) of the river (Appendix B - Table 3)(Johnson and Kauss, 1987). 
Intermittent sources of HCB along the Michigan side, probably from the Rouge River, could account 
for this observed increase (UGLCCSMC, 1988). . 

HCB was detected in over 95% (LOD = 1 ng/L) of the samples collected in ambient waters of 
the Niagara River at Niagara-on-the-Lake (NOTL) between 1979 and 1981. A mean of 0.8 ng/L was 
found (Kuntz and Warry, 1983). Similar means (1 .1 ng/L) with fairly steady background concentrations 
were observed in a 1981 -83 survey. This result was related to a steady input of HCB from leachates 
of hazardous waste sites located along the river. Superimposed on these background levels were 
numerous concentration spikes showing direct dumping into the river (Oliver and Nicol, 1984). In 
accordance with the Niagara River Toxics Management Plan, a water quality monitoring program at 
the head (Fort Erie) and mouth (Niagara-on-the-Lake) of the Niagara River was initiated. During 1986- 
1989, mean concentrations decreased to approx. 0.1 ng/L in water samples at Niagara-on-the-Lake 
(Appendix B - Table 3) (DIG, 1990; Kuntz, unpubl.). 

HCB was found (LOD = 1 ng/L) in downstream waters adjacent to the Reynolds (mean = 2 ng/L) 
and the General Meters (mean = 3 ng/L) discharges, and at the mouth of the Grasse River (New York) 
during 1979 and 1980 surveys of the St. Lawrence River between Cornwall (Ontario) and Massena 
(New York) (Kauss et a/., 1988). Sylvestre (1987) reported no HCB residues in whole water samples 
at Wolfe Island for the period of 1982-84 except for two samples with levels slightly above the 
detection limit of 0.4 ng/L. Suspended solids had 11 ng/g of HCB, compared to 94 ng/g found at 
Niagara-on-the-Lake in 1980. Although c0ncentrations at Wolfe Island appeared somewhat lower in 
1984 than those in 1983 and 1982, the data were too fragmentary to establish a real trend. In the 
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international section of the St. Lawrence River from Kingston to Cornwall, HCB concentrations were 
near the detection limit in suspended particulates (1 ng/g), with the exception of two stations (max. = 
27 ng/g, downstream of Alexandria, New York, and Cornwall, Ontario, with a possible point source 
in those areas) (Merriman, 1987). 

Atlantic Region 

Leger (1991) assessed HCB data generated by the Environment Canada, Water Quality Branch 
in the Atlantic Region (all provinces) from lakes, streams, ground waters, estuaries, coastal waters, 
precipitation and impounded reservoirs, between 1979 and 1989. With a detection limit of 2.0 ng/L, 
HCB was identified in six of 1330 water samples '(max. = 2.2 ng/L) taken from three sites 
(Charlottetown Harbour, Prince Edward Island; Annapolis River, Nova Scotia; Liverpool Bay, Nova 
Scotia) in 1980. The author, however, expressed reservations about these values, since up to 1985, 
the data were generated without quality control testing. No other information was available for the 
Atlantic Region. 

Pacific Region 

The receiving environment was monitored near facilities utilizing pentachlorophenol for wood 
preservation in British Columbia. In 1979, HCB was detected (LOD = 5 ng/L) at one station near 
Somass (Port Alberni), out of the eleven investigated. Maximum concentrations of 12 ng/L in water 
and up to 78 ng/L in effluents from Somass and Alberni Pacific (Port Alberni) were found (Can Test 
Ltd and EVS Consultants Ltd, 1979). No other data from the Pacific Region were available. 

Other Locations 

Levels of HCB at locations outside Canada are shown in Tables 7 and 8 (Appendix 8). 
Although concentrations in freshwater were generally below 1000 ng/L, higher values were recorded 
in aquatic systems that received industrial discharges and surface runoff (Burton and Bennett, 1987). 
For example, the mean HCB level in contaminated rivers of the Moroccan Mediterranean coast was 21 
000 ng/L (range from trace to 72 000 ng/L)(Kessabi et 9]., 1988). Occasional high values (max. = 
90 300 ng/L) were detected in the lower Mississippi River (Louisiana) where dumping of industrial 
wastes was practiced, with means in the river ranging from <700 to 2200 ng/L (Laska et al., 1976). 
Liquid samples from uncontrolled chlorinated organics and rubber industry product disposal sites in that 
area contained up to 17 800 000 000 ng/L of HCB (Davis and Morgan, 1986). Regarding the marine 
environment, estuarine water samples may contains 10 ng/L, though in the open sea concentrations 
rarely exceed 1 ng/L (Ernst, 1986; Rippen (1984) cited in Burton and Bennett, 1987). For instance, 
in the/Nueces Estuary (Texas), the highest levels (0.61 ng/L) were found near sewage outfalls (mean 
= 0.24 ng/L) (Ray et al., 1983a). Surface microlayer samples (upper 50 pm) from the Sauthern 
California Bight (U.S.A.) generally had less than 0.1 ng/L of HCB (range <0.1 - 26 ng/L) (Cross er al., 
1987). HCB levels in filtered water samples from the Ebre Delta (Spain) ranged from (0.0005 ng/L 
to 1 ng/L (mean = 0.041 ng/L) (Grimalt et al., 1988). Higher concentrations (max. = 196 ng/L) were 
observed in the Forth Estuary (Scotland) near domestic and chemical industry discharges (Rogers et 
a/., 1989). In addition, Kramer and Ballschmiter (1988) analyzed HCB levels in the water column at four 
sites in the Atlantic Ocean. Values in the range of 0.003 to 0.022 ng/L were recorded in surface 
waters (1-15 m). Deep sea water samples (250-1200 m) contained HCB levels within the range of 
0.003-0.011 ng/L. Levels in surface film were somewhat higher (0.020-0.036 ng/L). HCB was not 
detected (LOD = 0.001 ng/L) in two samples collected [at Malle Atoll in the Indian Ocean. 
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6.2.5 Industrial and Municipal Westewater 

The levels cited below for sludges are reported on a dry weight basis unless otherwise 
specified. 

In a short-term effluent screening survey in the Sarnia industrial complex, King and Sherbin 
(1986) detected high HCB levels (max. = 2800 ng/L) in the Dow Chemical 1st Street sewer complex. 
For the E550 Petroleum, Esso Chemical and Suncor effluents, average concentrations were less than 
15 ng/L (Appendix B - Table 3). A long term twice-weekly monitoring program in that area was 
initiated in 1986. HCB was found at the highest levels in the Dow 42" (max. = 900 ng/L) and in the 
Polvsar Cole Drain (max. = 650 ng/L) outfalls with average values of 117 and 28 ng/L, respectively 
(MOE, 1987). 

HCB occurred (LOD = 1 ng/L) in two out of the sixteen Ontario facilities targeted by the 
Niagara River Toxics Management Plan to reduce ten priority contaminant discharges by 50%. These 
operations included the Welland Water Pollution Control Plant and the Stelpipe Welland Tube Works. 
HCB was only found occasionally in either plant, at mean concentrations of 5 and 3 ng/L, respectively 
(MOE, 19893). 

Traces of HCB (<1 ng/L) were detected in the final effluents of Ontario (Canada) and 
Minnesota (U.S.A.) bleached kraft pulp and paper mills, both releasing their discharges into the Rainy 
River (Merriman, 1988). HCB appears to be effectively eliminated from chlor-alkali industries in British 
Columbia. However, due to past practices some HCB is still detected from effluents and disposal sites 
drainage systems from certain chemical plants. In 1977-1980, 12 grab samples of effluents from 
outlets and outfalls of 4 chemical plants centained an average of 24.4 ng/L of HCB. During that same 
period, sediment near landfill sites contained average HCB levels of 5435 ng/g. Sludges from reboiler 
tanks averaged 540 000 ng/g of HCB (Wilson and Wan, 1982). 

In municipal treated effluents, HCB was found at 3 ng/L in Sarnia (Ontario) (Marsalek, 1986). 
This result confirmed the findings by King and Sherbin (1986). HCB was not positively identified (LOD 
= 10 ng/L) in any treated effluents collected from 28 wastewater treatment plants in Ontario, sampled 
during the Pilot Monitoring Program in 1987 (MOE, 1988). 

Elevated concentrations of HCB (max. = 1 270 000 ng/g) were found in process sludges from 
one chlor-alkali plant in British Columbia (Wilson and Wan, 1982). In 15 municipal sludge samples (raw 
and digested) collected mainly from industrial centres in Canada, HCB levels were low ( mean of 4 
mg/kg), with 7% of samples containing detectable HCB (no detection limit available)(Webber and 
Lesage, 1989). 

Witte et al. (19883) reported a mean HCB concentration of 0.060 mg/kg (max.= 1.15) in 
sewage digested sludges collected from 31 wastewater treatment plants in Germany. Average HCB 
concentrations (0.27 mg/kg) were higher in UK. treated sludges from a sewage treatment plant which 
received effluents from both municipal (60%) and industrial (40%) sources. In comparison, sludges 
from municipal sources had an average of 0.02 mg/kg HCB (Appendix B - Table 2). 

6.2.6 Runoff 

A 1985 survey in urban areas of Sarnia, Ontario, identified HCB in all runoff samples, but at 
relatively low levels (3-17 ng/L). The Township Ditch that conveys surface runoff as well as industrial 
discharges and waste disposal leachates had somewhat higher levels (18—24 ng/L) (Marsalek, 1986). 
The Dow Scott Road landfill leachate contained up to 5600 ng/L of HCB. Application of activated 
carbon to the disposal site reduced HCB concentrations in leachate samples to 220 ng/L (King and 
Sherbin, 1986). 
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6.2.7 Groundwater 

No data were found. 

6.2.8 Sediment 

HCB levels in bottom sediments in Canada are presented in Table 2 (Appendix 3). Levels noted 
in this section are on a dry weight basis unless otherwise specified. 

Great Lakes 

Average concentrations of HCB in surficial sediments of the Great Lakes ranged from 0.2 to 
97 ng/g in 1980 (Oliver and Nicol, 1982). Mean levels in the upper Great Lakes appeared to be much 
lower than those in Lake Ontario. Oliver and Bourbonniere (1985) reported large increases of HCB 
average concentrations, from 1.5 ng/g in southern Lake Huron to 68 ng/g in Lake St. Clair (top 3 cm) 
as a result of St. Clair River inputs. In Lake Erie, the highest levels were found in the western basins 
because of inputs from the Detroit River. Several tributaries and harbours (Raisin River, Monroe 
Harbor, Maumee R., Toledo H., Black R., Lorain H. and Cuyahoga R.) along the U.S. shoreline which 
have been designated as Areas of Concern, had elevated concentrations of HCB in sediment with a 
maximum value of 63 ng/g HCB (IJC, 1989). ' 

A relatively uniform distribution of HCB was observed throughout sedimentation basins in Lake 
Ontario. Mean concentrations of HCB in sediment in the Niagara, Mississauga, Rochester, and 
Kingston Basins'were as follows: 110, 130, 100, and 14 ng/g. Several samples collected outside the 
basins had much lower levels, with an average of 4 ng/g (Oliver et a/., 1989). The analyses of 
sediment cores provided insight into the pattern and magnitude of historical loadings. HCB 
concentrations in cores from the Niagara and Rochester Basins were higher at the 1-2 cm depth than 
at the surface (0-1 cm), indicating lower current loadings (Oliver and Nicol, 1982). A This conclusion 
was further substantiated by Oliver et el. (1989). Three cores taken from Lake Ontario showed a 
similar HCB pattern profile, with peak concentrations occurring in the mid 1960’s. The historical 
record was found to be in good agreement with production and sales data for chlorobenzenes in the 
United States. 

Connecting Channels 

HCB concentrations in St. Clair River sediments were reperted to be highest in areas adjacent 
to the Sarnia industrial complex (EC/MOE, 1986). A maximum of 24 000 ng/g HCB was found near 
the Dow Chemical sewer discharges with a mean of 5200 ng/g along a 5 km industrial reach near 
Sarnia in 1984 (Oliver and Pugsley, 1986). The sediment data from a subsequent survey (1985) in 
the Sarnia area indicated that the HCB contamination trend had worsened. Up to 280 000 ng/g of 
HCB was found near Dow Chemical's 1st Street Sewer discharges. Another 'hot spot' was located 
by the Township Ditch which drains the Dow Scott Road chemical landfill as it enters the river, with 
a maximum value of 7100 ng/g. For the reach of 35 km downstream, a mean of 370 ng/g was 
observed along the Canadian shoreline. HCB occurred at background concentrations (<2 ng/g) on the 
American side of the river with the exception of two samples near an industrial complex, where a 
maximum of 250 ng/g was found (Oliver and Pugsley, 1986). 

Two localized areas of high HCB levels were detected in Lake St. Clair (top 1 cm) in 1985. 
One was in the central portion of the lake, and the other in the eastern section near the Thames River. 
The concentration of HCB ranged from 0.4 to 170 ng/g (UGLCCSMC, 1988). Bottom sediments were 
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also analyzed from twelve U.S. tributaries to Lake St. Clair. HCB was found in only 6 samples at levels 
of 1-7 ng/g (no detection limit available)(UGLCCSMC, 1988). 

Sediments collected in 1982 and 1985 in the Detroit River contained up to 140 nQ/O Of HCB- 
Highest concentrations were found in the vicinity of the Rouge River, the TrentOn Channel, and at the 
mouth of the Detroit River. On the Canadian side, maximum levels occurred near Amherstburg and 
east of Fighting Island. HCB inputs from the St. Clair River were not expected to be a significant 
scurce since loadings were reduced by 95% between the mouth of the St. Clair River and the head 
of the Detroit River (UGLCCSMC, 1988). Environment Canada believes that Lake St. Clair. located 
between the mouth of the St. Clair River and the head of the Detroit River, acts as a sink for chemicals 
and is responsible for most of the reduction in HCB concentration. 

Studies by the Niagara River Toxics Committee (NRTC, 1984) revealed isolated contaminated 
sediment pockets throughout the Niagara River system with the major sources coming from the U.S. 
shore. In the lower Niagara River (north of Niagara Falls), the highest concentrations of HCB (max. = 
250 ng/g) were found on the Ontario side of the river, between Oueenston and Niagara-on-the-Lake. 
During 1983, the Ontario Ministry of the Environment examined sediments from Ontario Hydro's Sir 
Adam Beck Power Reservoir and material commercially dredged from Lake Ontario (Niagara Bar) at the 
outlet of the Niagara River. it was found that the reservoir sediment did not contain detectable 
concentrations of HCB (LOD = 1.0 ng/g), but HCB occurred in all samples collected in the Niagara Bar 
sediments (2-13 ng/g) (Kauss and Post, 1987). 

Bottom sediments were collected from the international section of the St. Lawrence River 
during a surveillance program conducted by Environment Canada in 1981. HCB occurred in four of 
the seven samples with the highest c0ncentrations of 11 and 13 ng/g (LOD = 1 ng/g) found at stations 
near Kingston and Cornwall, respectively. The latter value was likely influenced by surface runoff from 
the city of Cornwall (Merriman, 1987). In earlier monitoring (1975) of that area, HCB was detected 
at 1-2 ng/g (Kuntz, 1988). Data from Cornwall-Massena in 1979 indicated little direct evidence of 
industrial discharges from the New York shore. Higher concentrations (max. = 87 ng/g) were found 
on the Ontario side near outfalls from the Courtaulds (Canada) Ltd. and its associated company, British 
Cellophane Ltd. (BCL). Other stations had detectable, but lower levels (2-28 ng/g) (Kauss et a/., 
1988). Upstream of Cornwall, near Maitland. HCB occurred throughout the river at <1-9 ng/g except 
for the Du Pont (a tetraethyl lead plant) outfall area where 351 ng/g was found. Although the 
tetraethyl lead plant was closed in 1985, HCB might be discharged in effluents from the Du Pont 
monomer plant (MOE, 1989b). 

Atlantic Region 

HCB was below the detection limit (LOD = 0.2 ng/g) in samples collected from 1979 to 1989 
in Atlantic Canada (all provinces). Positive identification was only reported in 12 of 152 samples 
analyzed in 1980/82 from four sites including Annapolis River (Nova Scotia), Restigouche River (New 
Brunswick), Scales Pond (Prince Edward Island) and Deer Lake (Newfoundland). HCB levels ranged 
from 0.4-10 ng/g (Leger, 1991 ). The author expressed reservations about the positive findings, since 
up to 1985, the data were generated without Quality control testing. 

In 1979, marine sediments from the Baie des Chaleurs had low levels of HCB that generally 
ranged from 0.2 to 0.5 ng/g, and up to 7.9 ng/g near the Restigouche River (Matheson and Bradshaw, 
1985). 

HCB was detected in 10-20% of the samples collected near a textile plant outfall at Truro 
(Nova Scotia), discharging into the Salmon River in 1979. Sediments from the East River near the 
discharges from chlor-alkali chemical plants at Abercombie Point (Nova Scotia) accumulated up to 270 
ng/g of HCB. Effluents were found to be the only source of chlorobenzenes to the river. In the 
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unpolluted Economy River which served as a control, HCB concentrations remained near the detection 
limit (LOD = 2 ng/g) (MacLaren Marex lnc., 1979). 

Pacific Region 

In 1979, the receiving environment in the vicinity of 11 facilities utilizing pentachlorophenol 
for wood preservation Was surveyed in the lower Fraser River and Vancouver Island areas. HCB was 
not detected (LOD = 0.5 ng/g) in freshwater sediments except for one station near Canadian White 
Pine facilities (mean = 1.3 ng/g). ln marine sediments, HCB occurred at two stations (mean = 3.1 
to 9.2 ng/g) near the B.C. Forest Products (Victoria) and Somass (Port Alberni), respectively (Can Test 
Ltd and EVS Consultants Ltd, 1979). 

Between 1977-80, high levels (max. = 29 000 ng/g) of HCB were found in sediment samples 
collected from effluent storing ponds of chlor-alkali plants in British Columbia. Concentrations in the 
adjacent marine receiving environment were relatively low (max.= 48 ng/g). Disposal of‘HCB— 
contaminated sludges in one landfill resulted in contamination of nearby areas, probably through 
leaching from the landfill site. In sediments from a drainage ditch near the landfill a maximum of 
11 100 ng/g of HCB was found (Wilson and Wan, 1982). 

Other Locations 

HCB was detected in 75 of 80 sediment samples (LOD = 0.5 ng/g) analyzed from Lake 
Geneva, Switzerland at a mean concentration of 1.0 ng/g (Appendix B - Table 8). Mean values (1 .O 
ng/g) detected in the upper Rhone River, Switzerland, were the same as those in Lake Geneva (Thomas 
et al., 1984). Laska et al. (1976) observed high levels of HCB along the lower Mississippi River, 
Louisiana (i.e., from <0.7 to about 900 ng/g in levee and ditch samples). 

In marine sediments from Portland Harbour, Maine, HCB concentrations ranged from <0.03 
to 0.37 ng/g (Ray et al., 1983b) and from 0.05 ng/g to 1.5 ng/g (mean = 0.49 ng/g) in the Gulf of 
Mexico, Texas, at Louis San Pass (Murray et al., 1981). Ray et al. (1983a) observed similar levels 
(mean = 0.11 ng/g) in the Nueces Estuary, Texas. Mean concentrations in sediments from the 
Mediterranean Sea at Port-Said, Egypt, were 4.1 ng/g (El-Dib and Badawy, 1985). 

6.2.9 Soil 

Levels in this section are reported on a dry weight basis unless otherwise specified. 
Levels of HCB were determined in soil from agricultural areas of British Columbia. 0f. 24 soil samples 
from cereal seed treatment areas, six had detectable HCB residues of <2.2 ng/g. Soils collected near 
a former grain treatment plant contained 260 ng/g of HCB. Mean HCB levels in soil at forest nurseries 
and vegetable growing areas, due to the use of HCB-contaminated herbicides, were 11.2 and 2.3 
ng/g, respectively (VWson and Wan, 1982). 

A wide range of HCB concentrations has been reported in soils from other countries (Appendix 
B - Table 8). In the U.S. National Soils Monitoring Program conducted in 1972, the concentrations of 
a variety of pesticides, including HCB, were determined at 1,483 sites from 37 states which were 
selected to provide a probability sample of cropland soils (Carey er al., 1979). HCB was detected at 
11 sites (0.7%), with a range of concentrations in positive samples from 10 to 440 ng/g. ln 
uncomaminated soils in Switzerland, Miller (1982, in Burton and Bennett, 1987) reported a mean 
value of 0.3 ng/g, whereas Thomas et al. (1985, in Burton and Bennett, 1987) found 5.1 ng/g in a 
Swedish rural heathland soil. Leoni and D’Arca (1976) found that soil from a farming area in Italy 
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contained 40 ng/g of HCB. ATSDR (1990) reported that in the Contract LaboratOry Program statistical 
data base, HCB was detected at 4 of 862 sites (limit of quantification 330 na/D. with a median soil 
concentration among the positives of 500 ng/g. 

The maximum values reported in these studies are similar to the levels reported for soils treated 
with HCB-containing pesticides. Soils previously treated with pentachloronitrobenzene (PCNB) 
fungicide, which contains HCB as a contaminant, contained between 1 and 410 ng/g of HCB, and 
averaged 110 ng/g (Smelt and Leistra, 1974). Greenhouse soils treated with PCNB contained on 
average 440 ng/g (range 30 - 1620 ng/g) in lettuce beds and 850 nglg (range 20 - 4180 ng/g) in 
witloof-chicory beds (Dejonckheere er a/., 1976). These values are within the range of 600-1600 ng/g 
reported by Miller (1982, in Burton and Bennett, 1987) for soils treated with organochlorine 
fungicides. 

The levels in soil which have been reperted are highest near industrial sources of HCB. 
However, these concentrations may not be representative of the present situation in Canada, as waste 
disposal practices are thought to have improved substantially in the interim. Disposal of HCB- 
contaminated sludges in one landfill site of British Columbia resulted in elevated HCB levels in soil of 
the landfill (max. = 12600 ng/g) (Wilson and Wan, 1982). No other Canadian data were available. In 
a survey of soils within the grounds of nine U.S. chlorinated solvent and pesticide production plants, 
sampled in 1973 and 1976, maximum concentrations of greater than 1 000 000 ng/g were found at 
three plants (Li et al., 1976; Spigarelli er al., 1986). The highest levels were associated with open-pit 
disposal, or loading and transfer areas. More than 3 000 000 ng/g was detected along a road beside 
one plant, while soil taken from a corn field adjacent to one of the plants contained 1100 ng/g. 
Silkworth er al. (1984) reported that a composite of soil from the Love Canal area contained 55 000 
ng/g of HCB. Levee and ditch soils from an industrialized region of the U.S. contained from less than 
0.7 to nearly 900 ng/g wet weight of HCB; levels were highest near chemical plants having HCB as 
one of their by-products (Laska et al., 1976). Elevated levels of HCB (i.e. 400 000 and 90 000 ng/g 
at depths of 7.5-8.1 m, and 12 m, respectively) were detected in soil cores collected from uncontrolled 
hazardous waste sites, with deposited chlorinated organics and rubber industry products near Baton 
Rouge in Louisiana (Davis and Morgan, 1986). 

Long-term municipal sludge application to land in Germany at a rate of 50 to 500 tons per he 
showed no build-up of HCB residues in soil. A mean level of 2.8 ng/g was feund (Witte et a/., 19883; 
1988b). 

6.2.10 Levels of HCB in Biota 

Levels noted in this section are reported on a wet weight basis unless otherwise specified. 

HCB residues have been detected in wildlife, fish and invertebrate samples collected across 
Canada (Appendix B ~Tables 9 and 10) and worldwide (Appendix B -Table 11), including those 
inhabiting the Arctic as well as the Pacific and Atlantic oceans. Monitoring of organochlorines began 
in the late 19605. Much of the Canadian information was generated from biomonitoring programs, 
using sentinel organisms such as caged clams (Elliptic comp/anata), juvenile (young-of-the-year) spottail 
shiners (Notropis hudsonius), and herring gull (Larus argentatus) eggs. Data throughout much of this 
period for seabirds, waterfowl, birds of prey, and Herring Gulls exist. Much of these data are 
summarized in Noble and Elliott (1986); Noble et al. (1992); Braune et al. (1991); EC/DFO/NHW 
(1991a); and Pearce er al. (1989). The results of these studies were used to delineate spatial and 
temporal HCB trends, particularly in the Great Lakes and connecting channel areas. Other data were 
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not amenable to such comparisons because of different sampling locations, different types 0f 
organisms, and sampling discontinuity over time. 

Great Lakes 

Invertebrates 

Zoobenthos samples collected from several embayments of Lake Superior including Black Bay, 
Nipigon Bay and Marhaton Peninsula had a mean of 1 ng/g HCB. HCB residues were not detected 
(detection limit not availablelin the samples gathered from Jackson Bay Harbour “JG, 1989). 
Oligochaetes and amphipods from the western basin of Lake Ontario had elevated concentrations of 
HCB (i.e., 63 - 1600 ng/g, dry weight) which varied seasonally. Levels in the July samples were 
consistently higher than those observed in April, probably due to the increase of lipid pools in the 
organisms (Fox et al., 1983). HCB was detected in the invertebrate Mysis rel/'cra from Niagara-on-the- 
Lake, Cobourg and P0rt Credit. Mean levels ranged from 1 to 4 ng/g (Hyatt et a/., 1986). 

Fish 

The analysis of juvenile spottail shiners (Notropis hudSOnius) by the Ontario Ministry of 
Environment provides information on HCB body burden in the Great Lakes and connecting channel 
nearshore fish (Appendix B - Table 9). HCB was not detected (LOD = 1 ng/g) in the young-of-the-year 
spottail shiners collected from Lake Superior. Detectable levels (>1 ng/g) were found in Lake Erie near 
Big Creek and Leamington. In Lake Ontario, HCB was above the LCD in more than 50% of the shiner 
lake population studied from 1982 to 1984. The highest mean value (13 ng/g) was measured at 
Mimico Creek and the Humber River (EC/DFO/NHW, 1991b). 

Relatively high HCB concentrations have been consistently reported in fish from the Great 
Lakes, particularly for Lake Ontario and for those species which are at the top of the food chain. Thus, 
Niimi and Oliver (1989) reported that sport fish from Lake Ontario contained a wide spectrum of 
organochlorine compounds. Mean concentrations of HCB in muscle were as follows: brown trout 10 
ng/g, lake trout 37 ng/g, rainbow trout 5 ng/g (small) and 16 ng/g (large), coho salmon 10 ng/g (small) 
and 13 ng/g (large) (n =8-10 for all values). 

Similar values for Lake Ontario fish species were also reported in the Ontario Sport Fish 
Contaminant Monitoring Program. In 1991, the mean HCB concentrations in dorsal muscle of sport 
fish (n =20 for most values) were as follows: chinook salmon 5.7 ng/g (ppb), lake trout 11.6 ng/g, 
coho salmon 4.1 ng/g, brown trout 8.2 ng/g, rainbow trout 3.9 ng/g, whitefish 7.9 ng/g, white bass 
2.7 ng/g, not detectable in walleye, smallmouth bass, northern pike, yellow perch and brown bullhead 
at a limit of detection of 1 ng/g. Concentrations in fish in the other Great Lakes were lower (mean for 
all species 1.4 ng/g, assuming 0.5 ng/g (equal to one half of the limit of detection) for samples which 
centained no detectable HCB), While HCB was rarely detected in various fish species from a selection 
of smaller recreational lakes (Lake of the Woods, Rice Lake, and Lakes Simcoe, Scugog, and 
NipissingHCox and Ralston, 1990; Cox, personal communication). 

In whitefish (Caregonus clupeaformis) from the northern parts of Lake Huron, a mean 
concentration (whole body) of 18 ng/g was found (Kaiser, 1982). Salmonids, caught during spawning 
migration in the eastern part of Lake Ontario had a maximum HCB burden of 80 ng/g (Niimi, 1979). 
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Birds 

The Canadian Wildlife Service annually examines herring gull eggs to monitor organochlorine 
compounds throughout the Great Lakes Basin. The routine sampling takes place at two or more 
colonies per lake from which between 10 and 13 eggs are collected (Mineau et al., 1989). HCB in 
eggs of bird species for which temporal data were available show that for most species levels peaked 
in the mid-19705 and then declined from the late 19705 through the 1980s and into the early 19905. 
For example, using one of the most extensive data sets, mean HCB levels in herring gull (Larus 
araentatus) eggs from Snake Island in Lake Ontario decreased from 4500 ng/g in 1971 to 39 ng/g in 
1991 (Figure 6.2) (CWS, unpubl. data). The 1971 to 1982 data were recently generated from pooled 
material from the Canadian Wildlife Service tissue bank and represent current analytical techniques. 
The steep downward trend throughout the 19703 suggests that levels prior to 1971 may have 
exceeded the 4.5 mg/L measured in eggs from 1971. In another study, no significant changes in HCB 
levels were observed since 1986 (MC, 1989). HCB residue levels in Canadian birds are presented in 
Table 10 (Appendix B). Presently, HCB concentrations in eggs from the colonies in Lake Superior and 
Lake Erie remain at approximately 50 ng/g. In Lake Huron, HCB residue levels appear to have levelled 
off at 20-30 ng/g, except for the Channel/Shelter Island eggs. In the latter area, levels have fluctuated 
during recent years at concentrations below 100 ng/g (Appendix B - Table 10). 

Figure 6.2 
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Within the Great Lakes, residue levels in herring gull eggs varied amongst lakes. In 1977, mean 
levels (2 colonies per lake) were: Lake Ontario (340 & 500 ng/g) > Lake Michigan (230 & 260 ng/g) 
> Lake Erie (190 & 190 ng/g) ~ Lake Huron (170 & 210 ng/g) > Lake Superior (120 & 130 09/9) 
(Bishop et al., 1992). Levels in all lakes had decreased by 1991 , and the relative levels among lakes 
also shifted: Lake Michigan (37 &_71 ng/g) > Lake Superior (34 & 41 ng/g) > Lake Ontario (28 & 39 
ng/g) > Lake Huron (28 & 28 ng/g) > Lake Erie (16 & 30 ng/g) (CWS, unpubl. data). In another 
study, data from 1989 indicated that herring gull eggs from Lake Ontario have still the highest mean 
levels (60-70 ng/g), althOugh HCB concentrations in this lake decreased the most among the Great 
Lakes since 1974/75 (EC/DFO/NHW, 1991b). These geographical changes in ranking quite likely 
reflect emission reductions at the sources (lower Great Lakes) which, in turn, increases the relative 
importance of atmospheric deposition at sites more remote from the sources (i.e. Lake Superior). Mean 
levels in Herring Gull muscle tissue collected in 1985 were highest in gulls from Lakes Ontario and 
Huron (79 ng/g) followed by Herring Gulls from Lake Erie (61 ng/g) and finally, birds from Lake 
Michigan (44 ng/g) (Fox et a/., 1988). 

Levels in Herring Gulls were comparable to those found in other fish-eating birds from the Great 
Lakes. Mean HCB values of 50, 30 and 60 ng/g were found (LOD = 5 ng/g) for eggs of the herring gull, 
the ring-billed gull, and the common tern from western Lake Superior in 1977, respectively (Niemi et 
a/., 1986). Levels of HCB in eggs of Caspian terns (Sterne caspia) from the Great Lakes in 1980/81 
ranged from 30 to 60 ng/g (Struger and Weseloh, 1985). HCB concentrations in eggs of black- 
crowned night-heron (Nyct/corax nycticorax) were recorded for colonies on Lakes Huron, Erie, Ontario, 
and the St. Clair and Niagara River in 1982 and 1986. Mean HCB residues in the eggs ranged from 
30 to 60 ng/g in 1982. In 1986, levels ranged from 10 to 70 ng/g (Appendix B - Table 
10)(EC/DFO/NHW, 1991b). Eggs of Forster's terns (Sterne forsten) collected from Lake Michigan in 
1983 ranged from 50 to 150 ng/g compared to 20 to 50 ng/gat a control site in inland Vlfisconsin 
(Kubiak et al. 1989). 

Connecting Channels 

Invertebrates 

Introduced mussel (Elliptic complanata) were exposed over a period of several weeks in the 
Huron-Erie corridor during 1982-1987 (Kauss and Hamdy, 1985; Innes et a/., 1988; Muncaster et al.. 
1989). in 1982, mean HCB concentrations ranged from <1 to 24 ng/g in the St. Clair River. The 
highest values (mean = 24 ng/g) were detected in the Sarnia area, indicating inputs of HCB in that 
river sector (Kauss and Hamdy, 1985). Subsequent biomonitoring measurements in the St. Clair River 
delta showed that HCB body burdens declined with time (Appendix B - Table 9). On average, levels 
in 1987 were only half of those measured in 1986 (Muncaster et el., 1989). In the Detroit River, HCB 
occurred in over 90% of clams sampled. Mean concentrations were in the range of 0.7-3 ng/g and 
did not differ significantly (p> 0.05) from those located at the outlet of Lake St. Clair. Elevated levels 
in sediments from the Trenton Channel and Zug island were not reflected in the observed body burdens 
of HCB (Kauss and Hamdy, 1985). Muncaster et al. (1989) reported a similar effect. They did not 
find significant variations in HCB levels among caged clams deployed at various depths in the lower 
St. Clair River, suggesting that in that area the water phase was the primary source of HCB 
accumulated by the organisms. - 

Adult aquatic insects were collected from the St. Clair and Detroit Rivers. HCB levels in various 
taxa ranged from 10.7 to 222.7 ng/g dry weight. 
Trichoptera, which were present at every site, had statistically higher concentrations of HCB in St. Clair 
River than in the Detroit Fliver (Ciborowski and Corkum, 1988). 

NHW/DOE, June 1993



CEPA Supporting Documentation 48 
Hexachlorobenzene 

Fish 

Mean levels of HCB in spottail shiners (Notropis hudsonius) collected from the St. Clair-Detroit 
River system in 1983 ranged from 4 to 231 ng/g (Appendix B - Table 9). The highest concentrations 
were found in fish near the Sarnia industrial complex, Ontario (Suns er al. 1985). 

The spottail shiner and other forage fish species such as bluntnose minnow (Pimepha/es 
notatus) and brook silverside (Labidesrhes sicculus) were collected in 1987 from nearshore waters 
along the St. Clair River. Mean HCB concentrations ranged from 4.1 to 62.8 ng/g with maximum 
levels observed in the Sarnia area (Appendix B - Table 9). The bluntnose minnow, a bottom feeding 
fish, had the highest HCB levels, probably due to ingestion of contaminated sediments. No significant 
interspecies differences in lipid content and fish size were observed (Craig and Haffner, 1988). 

Birds 

From 1979 to 1989 herring gull eggs were collected from Fighting Island on the Detroit River 
and the Niagara River near Niagara Falls (Appendix B - Table 10). HCB levels in gull eggs from the 
Detroit River steadily decreased from 330 ng/g in 1979 to 50 ng/g in 1989. In the Niagara River, 
concentrations declined from approximately 220 ng/g to 40 ng/g during the study period 
lEC/DFO/NHW, 1991b). In 1986. mean concentrations in eggs of black-crowned night-heron 
(Nycticorax nycticorax) from colonies on the St. Clair and Niagara Rivers were 10 and 60 ng/g 
respectively (EC/DFO/NHW, 1991 b). 

Chicken eggs from abattoirs across Ontario had a mean of 108 ng/g during the 1972/74 period. 
In the survey conducted from 1981 to 1982, the concentrations had declined to a mean of 0.6 ng/g 
(Frank et al., 1985b). 

Other Biota 

Proulx et al. (1987) detected HCB residues in all wild mink samples (Muste/a vison) from the 
Lake Erie basin, Ontario. Mean levels were less than 10 ng/g. 

Eastern Canada 

Plants 

HCB was identified at 1 ng/g in one macrophyte sample (Va/lisneria americana) at 1 ng/g 
collected from the St. Lawrence River between Cornwall and Massena (Kauss et al., 1988). No other 
data on HCB levels in Canadian vegetation were found. 

Invertebrates 

Native mussels (El/brie comp/anata and Lampsi/is radiata) were sampled from the St. Lawrence 
River between Lake Ontario and Trois Rivieres, and from three stations on the Ottawa River in 1985 
(Appendix B - Table 9). HCB occurred in 65% of the mussels at a maximum concentration of 0.5 ng/g 
lLOD= 0.01 ng/g) (Metcalfe and Charlton, 1989). HCB was occasionally detected at low levels 
(max. = 2 ng/g) in macroinvertebrates (Gastropoda and Amphipoda) from the Cornwall-Massena Reach 
of the St. Lawrence River (Kauss et al., 1988). 
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A maximum of 3 ng/g of HCB was observed in a whole body of marine commerical mussels 
and crustacea species from the Northwest Atlantic. Some tissues such as lobster hepatopancreas 
concentrated HCB to levels ranging from 22 to 106 ng/g (Sims er al., 1977). 

Fish 

A survey of HCB concentrations in fish from various watersheds was carried out in New 
Brunswick and Nova Scotia from 1981 to 1982. Concentrations of HCB (whole body weight) in brook 
trout (Salve/[nus famine/is) and yellow perch (Perca f/avescens) were highly variable. Levels ranged 
from non-detectable (LOD=4.2 ng/g in 1981 and 0.2 ng/g in 1982) to 54 and 15 ng/g in trout and 
perch, respectively. Although no obvious geographic trends could be observed, trout with detectable 
levels of HCB tended to occur more frequently in lakes of southwestern New Brunswick and Nova 
Scotia (Peterson and Ray, 1987). Young-of-the-year spottail shiners (Not/opis hudsonius) from the St. 
Lawrence River in the Cornwall and Maitland areas had an average of 2 ng/g HCB (EC/DFO/NHW. 
1991b). 

Mean whole body HCB levels of commercially important marine fish species caught off the east 
coast of Canada were generally below 6 ng/g. Species with a high lipid content such as herring (mean 
= 20 ng/g) and mackerel (mean = 10 ng/g) contained somewhat higher levels of HCB (Sims et a/.. 
1977). Concentrations in the liver of Atlantic cod collected near Halifax, Nova Scotia averaged 20 
ng/g (Freeman et a/., 1984). Similar levels were found in the livers of flatfish and cod (mean = 12 
ng/gl from Baie des Chaleurs, the elongated bay opening to the Gulf of St. Lawrence. Mean levels in 
muscle samples were less than 2 ng/g (Matheson and Bradshaw, 1985). 

Reptiles 

Little data on levels of HCB in reptiles exist. Levels in eggs of snapping turtles (Chelydra s. 
serpentine) inhabiting wetlands on the shorelines of the Great Lakes were determined from 1986 to 
the present. In each study period, eggs from Lake Ontario were generally more contaminated than 
eggs from Lake Erie, the St. Lawrence River and Algonquin Park. Levels in eggs from Hamilton Harbour 
were the highest for each year, varying from 170 ng/g in 1986 to 250 ng/g in 1988. Levels in a 
c0ntro| site He Algonquin Park in central Ontario) were significantly lower, at around 1 ng/g (Bishop 
et al., 1991 ). Snapping turtles eat mainly fish, plants and insects. 

Birds 

Tissues from 15 species of diurnal birds of prey that breed in Canada were collected for 
analysis of organochlorine compounds between 1969 and 1988 (Noble et a/., 1992). Tissues analyzed 
for HCB included the eggs, brain, liver, blood, fat and breast muscle. Generally, the levels in liver and 
brain were more elevated than in other tissues analyzed (Appendix B - Table 10). While HCB levels in 
raptor tissues from most regions of Canada have declined in recent years (probably because its use as 
a fungicidal seed treatment was discontinued in the early 1970's), the data for eastern Canada show 
no clear trend. Peregrine falcon (Fa/co peregrinus) eggs were collected from eastern and western 
Canada from the late 19605 to the late 19805. In the vicinity of Ungava Bay in northern Quebec, HCB 
residues in eggs were relatively constant ranging from 250 ng/g to 250 ng/g between 1975 and 1986. A clutch of 3 eggs collected in Montreal in 1985 also fell within this range. Mean levels of HCB in 
eggs of Ieach’s storm-petrels (Oceanodroma leucarhoa), a marine species collected from Kent Island 
in New Brunswick, however, showed little variation between 1972 and 1984, ranging from 31 to 53 
ng/g. ' 
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Average HCB levels in eggs of the herring gull (Larus argentarus) and double-crested cormorant 
(Pha/acrocorax auritus) from colonies in Nova Scotia and New Brunswick were <20 ng/g in 1979. 
These levels Were approximately one Order Of magnitude lower than concentrations reported for similar 
studies in Lake Ontario (Matheson er a/., 1980). Pearce et al. (1989) found that HCB residues in 
cormorant eggs from New Brunswick remained steady over the period from 1968 to 1984, ranging 
approximately from 10 to 25 ng/g. These data were comparable with the values obtained by 
Matheson et al. (1980). In cormorant eggs from the St. Lawrence River, concentrations were 
somewhat higher in 1980 (40 ng/g) than in 1972 (9 min), but no consistent trend was observed. 

Mean levels of HCB in eggs of two sea-bird species, Ieach’s storm-petrol (Oceanodroma 
leucorhoa) and the Atlantic puffin (Fratercula erotica) were lower in colonies from the Bay of Fundy 
(New Brunswick) than from Great Island (Newfoundland) (Appendix B -Table 10). At either location, 
HCB concentrations in the eggs did not show any statistically significant changes over the period from 
1968 to 1984 (Pearce et a/., 1989). 

Other Biota 

Little acwmulation of HCB was observed in tissue samples of harp seals (Phaca groenlandica) 
from the Northwest Atlantic. Extractable lipid analysis indicated that HCB tends to concentrate in the 
kidney (mean = 410 ng/g) and muscle (mean = 1070 ng/g) of juveniles (Ronald et a/., 1984). In fat 
tissue of the North Atlantic right whale (Euba/ena glacial/s) and the liver of polar bear (Ursus 
maritimus), HCB concentrations were below 20 ng/g (Appendix B - Table 9). 

Levels of HCB were measured in ice-entrapped white-beaked dolphin (Lagenarhunchus 
albirostris) in 1982 and stranded pilot whales (Globicepha/a melaena) obtained from Newfoundland in 
1980. Levels in white-beaked dolphin blubber were 1 110 ng/g in males and 880 ng/g in females (Muir 
er al., 1988a). in pilot whales mean levels of HCB in blubber were 290 ng/g in males and 100 ng/g 
in females. Both species feed at the same trophic level. The observed higher levels in dolphin tissues 
may reflect greater exposure to contaminants because of overwintering and feeding in the Gulf of St. 
Lawrence. 

Levels in the blubber of harbour porpoises in the Bay of Fundy from 1973 to 1977 ranged from 
50 to 430 ng/g (Gaskin, 1982; Gaskin et a/., 1983). These levels were similar to those in pilot whales 
but about 5-fold lower than the levels in dolphins. 

HCB Levels as a Function of Diet 
In breast muscle tissue samples of birds, there is a tendency for higher HCB residue levels at 

progressively higher trophic levels (i.e. piscivores > molluscivores > omnivores > grazers). This trend 
was observed in breast muscle in waterfowl collected from Ontario during 1988-90. HCB was not 
detected (<1 ng/g) in breast muscle of grazers such as Canada geese (Branta canadensis) and snow 
geese (Chen caeru/escens); omnivores such as mallards (Anas platyrhynchos) and green-winged teal 
(Anas crecca) contained levels ranging from <1 ng/g to 1 ng/g; molluscivores such as common 
goldeneye (Bucepha/a clangule), greater scaup (Aythya mar/la) and lesser scaup (Aythya affinis) 
contained <1 ng/g to 6 ng/g; and piscivores such as common mergansers (Mergus merganser), red- 
breasted mergansers (Mergus serrator) and common loons (Gavia immer) contained <1 ng/g to 23 ng/g 
(CWS, unpubl. data). Although trophic level differences were detected, HCB residue levels were 
generally low. Some of the highest levels of HCB found in waterfowl in Canada were found in 
carcasses of Common Goldeneye collected from the Detroit River in 1981 (1700 ng/g) (Smith et 8]., 
1985). 
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Considering the variety of diet preferences for birds of prey. there is surprisingly little variation 
in HCB residue levels, indicating that environmental levels are relatively uniform. Eggs of the 
ferruginous hawk (Buteo regal/'3), which breeds in the prairies and preys primarily on ground squirrels 
had a low level of HCB, 6 ng/g, in 1984. The rough-legged hawk (Buteo IagOpus), which breeds in the 
Arctic and eats mostly small mammals, had levels ranging from 10 to 55 ng/g for the period 1972 to 
1981. Eggs of the bald eagle (Ha/iaeetus leucocepha/us), a scavenger that feeds primarily on fish, had 
mean levels of HCB ranging from 1 1 to 290 ng/g for the period 1971 to 1982. Residue levels across 
eastern Canada were relatively uniform excluding southern Ontario where several highly contaminated 
eggs were collected. The osprey (Pandion ha/iaetusl, an obligate piscivore, had low egg burdens. 
ranging from 1.4 ng/g in Labrador in the early 19703 to 380 ng/g in Alberta in 1975. The American 
kestrel (Fa/co sparverius) breeds in agricultural environments and consumes primarily insects and Small 
rodents. Levels of HCB in the eggs of this species collected in southern Ontario in the late 19803 
ranged from 5 to 22 ng/g (Noble et a/., 1992). 

Prairie Region 

Fish 

Several important fish species (Appendix B - Table 9) were analyzed for HCB levels in order to 
correlate different feeding habits and life history strategies with bioaccumulation in the Cold Lake area 
of Alberta in 1978. HCB concentrations in fat tissues (mean = 40 ng/g) were observed to be 
consistently higher than those in muscle (mean = <1 ng/g). Lake cisco (Coregonus artedit) appeared 
to have a greater tendency to accumulate HCB than did the other fish species. The trend was: cisco 
> whitefish > pike > white > sucker (Tsui and McCart, 1981). Fat samples of various fish species 
collected from the major rivers and lakes in Alberta had HCB concentrations ranging from 1 to 39 ng/g 
(ABG, 1984). 

Birds 

Tissue residue data has been collected from two species of birds of prey to determine temporal 
trends in HCB accumulation in the prairies (Noble et a/., 1992). HCB levels were measured in fresh 
eggs from prairie falcons (Fa/co mexicanus) collected from the late 19603 to the 19803. Results of 
these analyses are summarized in Figure 6.3. Levels of HCB were generally low although there were 
increases in 1978 and 1980 that contradict an overall downward trend since the mid 19703. In 
western Canada, eggs from merlins (Fa/co columban'us) were collected from the late 19603 to the late 
19803. A summary of HCB levels is presented in Figure 6.4. Like the prairie falcon, HCB egg burdens 
appear to have decreased significantly in the 1988 collection for this species. Mean HCB residues 
were found to be 2010 ng/g on a lipid basis in 1981, in the red-necked grebe (Podiceps grisegena) 
eggs from Turtle Mountain Provincial Park, Manitoba (De Smet, 1987). 

Other Biota 

HCB has been detected in otters (Lutra canadensis) inhabiting heavily forested northeastern 
Alberta. Mean concentrations in the liver and lipids were 3 ng/g and 30 ng/g, respectively (Somers 
er a/., 1987) (Appendix B - Table 10). Mean levels of HCB in adult otters (Lurra canadensis) in Alberta 
in 1983 were 25 ng/g in lipid and 4 ng/g in livers of adult males. Little variation between sexes or 
between age groups was observed (Somers, 1985). 
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Pacific Region 

Fish and Shellfish 

In follow-up monitoring for a sewage discharge at the mouth of the Fraser River in British 
Columbia, HCB concentrations in composites of fish muscle collected in 1989 from 4 areas in the 
vicinity of the outfall ranged from non-detectable (limit of detection 0.2 ng/g wet weight to 1.2 ng/g 
wet weight for small English sole (20-30 cm), from non-detectable to 7.5 ng/g for large English sole, 
and from ND to 5.2 ng/g for crab muscle (B.C. Environment, unpublished report). 

Birds 

HCB residue levels have been determined in aquatic and bird species in British Columbia 
(Appendix B - Table 10). In the early 19705, levels of HCB were higher in Pacific coast seabirds than 
in Atlantic coast sea birds, but by the early 19803, the situation had reversed. On the west coast, 
residue levels declined slightly in all species, particularly cormorants, whereas levels in all east coast 
species except gannets increased or remained stable (Noble and Elliott, 1986). Eggs of double-crested 
cormorants (Phalacrocoras auritus) collected from Mandarte Island in British Columbia showed a 20-fold 
decrease in mean HCB levels from 304 ng/g in 1970 to 16 ng/g in 1991 (Figure 6.5) (Noble and Elliott, 
1986; CWS, unpubl. data). Peregrine falcon (Fa/co peregrinus) eggs were collected 1968 to 1982 for 
western Canada. Mean HCB levels ranged from 13 to 160 ng/g, with no clear temporal trend 
emerging. The mean HCB level in peregrine falcon (Fa/co peregrine anatum) eggs collected across 
Canada from 1980 to 1987 was 279 ng/g wet weight, and ranged as high as 1060 ng/g wet weight 
(Peakall er a/., 1990). There appears to be no geographical trend in HCB levels across Canada for birds 
of prey. This apparent uniformity may be a function of global transport of persistent chlorinated 
organic compounds. In eggs of the great blue heron (Ardea herodias) from five British Columbia 
locations, 3 mean of 31 ng/g (range = 10 to 280 ng/g) was found in 1977/78 (Wilson and Wan, 
1982). 
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Other Biota 

Fish, molluscs, and crustaceans collected from the lower mainland of British Columbia and the 
east coast of Vancouver Island near wood preservation plants had HCB levels ranging from trace to 
54 na/o "-00 = 0-5 no/o) (Can Test Ltd. and evs Consultants Ltd., 1979). 

Levels of HCB in livers of adult mink and river otter collected in January 1991 along the 
Columbia River in British Columbia, WashingtOn and Oregon ranged from 0.2 to 9.8 ng/g lCWS, 
unpublished data). 

Arctic Canada 

Birds 

Samples of Arctic seabirds collected from Prince Leopold Island from 1975 to 1977 contained 
levels of HCB comparable to those in seabirds further south with the highest levels found in thick-billed 
murre (Uriae lomvia) eggs (130 ng/g) (Noble and Elliott, 1986). 

Mammals 

The mean level of HCB in the fat of polar bears (Ursus merit/mus) hunted between 1982 and 
1984 in various regions of the Canadian north was 296 ng/g (Norstrom er al., 1990). The diet of 
polar bears in the central and eastern Canadian Arctic consists largely of the skin and blubber of 
immature ringed seals. The mean HCB concentration in polar bear livers from the eastern Canadian 
Arctic was 8 ng/g (Hargrave er al., 1989). Norstrom er al. (1985 cited in Wong, 1985) concluded that 
there were no significant differences in HCB levels in livers related to either geographic location or sex. 

In a study of an arctic food chain in Barrow Strait, the mean level of total chlorobenzenes in 
arctic cod muscle was 3 ng/g, 25 ng/g in ringed seal blubber and 337 ng/g in polar bear fat. HCB was 
the dominant isomer representing 62% of chlorobenzenes in fish, 60% in seal blubber and 75% in 
polar bear fat (Muir et al., 1988b). Biomagnification factors on a lipid weight basis for total 
chlorobenzenes were: 0.2 for fish to seal, 16 for seal to bear, and 3.4 for fish to bear. 

The mean level of HCB in the blubber of ringed seals (Phoca hispida) hunted in the Canadian 
north in 1985-86 was 19 ng/g (Norstrom er a/., 1990). Ringed seals are opportunistic feeders but their 
diet is thought to consist primarily of arctic cod during ice-covered conditions. In a 1987 study, the 
mean HCB concentration in the blubber of seals from the eastern Canadian Arctic was 27 ng/g 
(Hargrave et a/., 1989). 

The mean level of HCB in the blubber of beluga (De/phinapterus Ieucas) from the Canadian 
north in 1983-84 was more than 10-fold higher than that in ringed seals, being 491 ng/g (Norstrom 
et al., 1990). Male belugas sampled in the Gulf of the St. Lawrence contained up to 1340 ng/g 
(Béland et al., 1991). 

Other Biota 

In samples of plankton, benthic and pelagic amphipods, and brittle star collected from the 
Canadian High Arctic (Beaufort Sea), HCB concentrations ranged from 0.1 to 26 ng/g wet weight 
(Hargrave et a/., 1989). 
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Other Locations 

HCB levels in organisms from locations Outside Canada are shown in Table 11 (Appendix B). 
Plants 

Bacci et al. (1986) detected HCB in Antarctic moss and lichen samples collected in 1985, at 
concentrations ranging from 0.3-0.8 ng/g dry weight. Similar levels were found for lichens and mosses 
from Sweden and Finland. Gaggi et al. (1985) reported HCB levels in plant foliage from Italy and 14 
other countries. Samples from Asia and Africa had low levels (mean = 0.3 ng/g of dry weight). 
whereas in the United States mean HCB values were between 3 and 22 ng/g (mean = 11.4 ng/g). 
The highest concentration reported in Italy was 30 ng/g (mean = 5.6 ng/g). 

Of 28 agricultural crops in the United States HCB was detected (DL = 2 ng/g) only in one corn 
stalk sample, at 20 ng/g dry weight (Carey et al., 1979). Levels in fruit or leaves of clover, rape, rye 
grass, wheat, rye, and carrots ranged from 0.50 to 1.07 ng/g dry weight after long-term sewage 
sludge application (DL=O.5 ng/g). No relationship was observed between HCB levels in soil and those 
in plants (Witte et al., 1988b). 

Invertebrates and Fish 

PlanktOn (composed mainly of zooplankton) sampled in the Baltic Sea contained an average of 
2.9 ng/g of HCB (Falandysz, 1984). Levels in invertebrates including mussels (Myti/us edu/I's), soft 
clams (Mya arenaria), lugworms (Arenico/a marina) and polychaetes (Nereis divers/color) were <1 ng/g 
for whole animals in the German Wadden Sea (Ernst, 1986). Similar results were reported from 
Portland (Oregon) for clams and clam worms (Neanthes w'rensl (Ray et al., 1983b). Bjerk and Brevik 
(1980) found higher mean levels in brittle stars (Oph/ura albida) (182 ng/g), snails (Littorina littorea) 
(188 ng/g), sea stars (Asteroidea) (57 ng/g), and hermit crabs (Pagurus sp.) (50 ng/g) from the polluted 
Frierfjord in Norway (Appendix B - Table 1 1). 

ln composite freshwater fish samples collected in 1980/81 from US. tributaries to the Great 
Lakes, HCB levels ranged from 3 to 130 ng/g, except for the Ashtabula River (range = 310-3470 ng/gl 
(DeVault, 1985). Jaffe and Hites (1986) observed HCB residues ranging from 37 ng/g to 1600 ng/g 
in lipids of non-migratory fish from the mouth of tributaries to Lake Ontario and the Niagara River in 
.1984. The highest values were measured near Hyde Park dumps on the Niagara River. The United 
States Fish and Wildlife Service periodically analyzes organochlorine residues in freshwater fish 
collected from a nationwide network of stations (112 stations at key points in major rivers and the 
Great Lakes region) as part of the National Pesticide Monitoring Program. Residues of HCB were 
detected in <25% of the samples (DL = 10 ng/g) collected in two surveys (1980/81 and 1984/1985). 
These results should be used with caution since the results were adjusted to account for poor recovery 
in the analyses (68%)(Schmitt et al., 1990). Samples of fish from German inland waters, contained 
detectable levels of HCB, were positive for HCB in almost 92% of 72 samples in 1980/81. Mean 
concentrations were in the range of 265 to 465 ng/g (no detection limit available) in lipids (Brunn and 
Manz, 1982). 

_

- 

Ernst (1986) found that HCB concentrations in cod (Gadus morhua) caught in the years 
1982/84 near Southwest Greenland ranged from 15 to 110 ng/g (30-200 ng/g lipid), and from the 
North Sea the mean level was 42 ng/g (1 13 ng/g lipid). Similar values were observed in dab (Limanda 
limandal, plaice (P/euronectes platessa), flounder (Plath/chthys flesus), and hake (Mer/uccius 
mer/uccius) from the North Sea and North Atlantic. The means for these species ranged from 2 to 40 
ng/g (40-130 ng/g lipid). Livers of fish from contaminated Frierfjord in Norway contained much higher 
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HCB residues (i.e. mean = 16800 ng/g or 30900 ng/g lipid for cod; mean = 11600 ng/g or 17800 
ng/g lipid for saithe, Pol/achius virens) (Bjerk and Brevik, 1980). 

Wildlife 

HCB has been found to accumulate (range = 40-130 ng/g) in lipids of common goldeneye duck 
lBucepha/a clangu/a) that arrive in the fall and overwinter in the Niagara River, New York (Foley and 
Batcheller, 1988). The observed levels are comparable to those in goldeneys wintering in the Baltic 
Sea (Appendix B - Table 11) (Falandysz and Szefer, 1982). Smith et al. (1985) observed up to 1700 
ng/g (lipids) of HCB in common goldeneye wintering in the Detroit River (Michigan). 

HCB levels in eggs of four sea-bird species from the bank of the Elbe river near an 
organochlorine chemical plant were 5500 ng/g (Heidmann, 1986). HCB was detected in herring gull 
eggs along the Norwegian coast (mean = 120 ng/g) in 1979/81 (Moksens and Norheim, 1986). 
Similar levels (mean = 120 ng/g) were detected in herring gull eggs from Big and Gull Island colonies 
on Lake Michigan in 1978 (Hallett et al., 1982). However, residue levels declined to less than 50 ng/g 
by 1989 (EC/DFO/NHW, 1991b). Low levels of HCB were found in eggs of land birds in Germany. 
Several species including rooks (Corvus frugilerus), sparrows (Passer domesticus and P. montanus), 
and sparrow hawk (Accip/rer nisus) from several agricultural sites contained mean levels less than 15 
ng/g (Heidmann, 1986). 

In a 1973/74 Survey of HCB in adipose tissue of wild animals (fox (Vu/pes vu/pes), doe 
(Capreo/us capreo/us), and wild boar (Sus scrofal) in Germany, HCB concentrations ranged from <10 
ng/g to 31 10 ng/g (Koss and Manz, 1976). Livers of one year old roe deer (Capreolus capreo/us) from 
the forests of Lower Saxony, Germany, accumulated a mean HCB concentration of 54 ng/g which was 
slightly higher than the levels in kidneys (mean = 33 ng/g) (Holm, 1988). In domestic mammals, HCB 
residues were monitored in bovine serum in cattle from Colorado beef ranches. Of 241 serum samples 
collected, 13 were positive for HCB, with a mean of 3.1 ng/g (Salman et al., 1990). 

HCB occurred in 90% of fat tissue samples of water snakes (Nerodia sp.) (range = 200 ng/g - 

1720 ng/g) collected from the Mississippi River near Baton Rouge, Louisiana. The levels for liver and 
muscle samples were loyver (max. = 30 ng/g). Whole body burdens of HCB residues ranged from <10 
to 70 ng/g (Sabourin et al., 1984).

_ 

In harbour seals (Phoca vitu/ina) from Norwegian waters, HCB was detectable in 24 fat samples 
of 82 analyzed (DL= 10 ng/g of fat). Concentrations ranged from 5 to 94 ng/g with a mean of 27 
ng/g (Skaare et al., 1990). 

Summary of Levels in the Environment 

Monitoring data confirm that HCB is a ubiquitous pollutant that has been detected in all 
environmental media, worldwide. HCB was consistently found in air, water, sediments and 
precipitation in Canada. HCB concentrations in water were generally less than 1 ng/L except for 
effluents and near point sources. 

The input of HCB into the environment was more evident by the analyses of surficial sediments. 
Concentrations of HCB in sediments were quite low in Lake Superior, somewhat higher in Lakes Huron 
and Erie, and much higher in Lake Ontario. In the Great Lakes connecting channels, HCB showed 
considerable increases in the St. Clair River below the Sarnia industrial complex in comparison to 
southern Lake Huron. The Dow discharges appear to have the greatest influence on HCB water quality 
and sediment contamination downstream and in Lake St. Clair. HCB levels in effluent and runoff 
samples collected from other areas of Canada are generally several orders of magnitude below the 
levels reported from the Dow sewer and landfill. Elevated concentrations of HCB were also found in 
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Detroit River sediments. The western basin of Lake Erie was the most contaminated by HCB because 
of inputs from the Detroit River, but concentrations were lower than those in Lake Ontario. 
Historically, the NiagaraRiver has been an important source of HCB to the latter basin. A recent 
survey showed that mean HCB levels in water and suspended solids at Niagara-On-the-Lake had 

No trend in concentrations was evident in the Atlantic Region for the period between 1979 and 
1989, as over 90% of HCB values for water and sediment samples were below the detection limit (DL 
= 2.0 ng/L in water and 0.4 ng/g in sediments). Other monitoring data indicated localized elevated 
HCB levels in the receiving environments of some industrial facilities in Nova Scotia and along the St. 
Lawrence River. 

HCB was detected in all industrial sectors investigated in British Columbia, bat occurred at 
elevated concentrations only in sediments near effluent outlets and in process sludges. 

Levels of HCB in urban air were limited to two sites in Ontario with an average value of 0.15 
ng/m’. In remote areas such as the Arctic, and marine atmosphere of the Pacific Ocean, HCB levels 
were usually similar to those reported in the urban atmosphere. HCB was also measured in 
precipitation. 

HCB has also been detected in various organisms, including plants, aquatic organisms, insects. 
birds and mammals. 

In Canada, clams, spottail shiners, and herring gull eggs have been used extensively as 
indicator organisms in freshwater systems. The highest levels of HCB in Canada have been observed 
in the Great Lakes and connecting channels ecosystem. Detection of HCB was consistently reported 
in clams from the St. Clair River and spottail shiners in the Sarnia-Detroit corridor, the Niagara River, 
Lake Ontario, and the St. Lawrence River. The highest levels (mean = 231 ng/g) were detected in 
1982/83 for spottail shiner from the St. Clair River near the Sarnia industrial complex. Mean HCB 
residues in the shiners collected in 1987 decreased to 40 ng/g in this area. Temporal data is available 
for levels of HCB in Herring Gull eggs. Levels from Snake Island in Lake Ontario decreased from 4500 
ng/g in 1971 to 39 ng/g in 1991. Within the Great Lakes, levels of HCB in Herring Gulls eggs varied 
amongst lakes. In 1977, mean levels ranged from 120-500 ng/g with Lake Ontario having the highest 
concentrations of HCB. In 1991, levels within the lakes decreased to 16-71 ng/g with Lake Michigan 
having the highest cancentrations of HCB. HCB in eggs of other fish-eating birds within the Great 
Lakes was also detected in the late 19705 and early 19805. In 1985, HCB levels in Herring Gull 
muscle tissues peaked at 79 ng/g from Lake Ontario and Huron. Marine organisms from the remainder 
of eastern Canada likely have lower levels of HCB than those of the Great Lakes and their connecting 
channels. 

In the Prairie Region, HCB levels in eggs from Merlins and the Prairie Falcons collected from the 
late 19605 to the late 19805 tended to fluctuate with no clear trend emerging over the collection 
period. However, levels decreased significantly in the 1988 collection for both species. 

In the Pacific Region, levels of HCB in eggs of birds decreased slightly (except for Double- 
crested Cormorants) or showed little variation between the 1970s, 19805 and early 19905. Eggs of 
Double-crested Cormorants collected from the Mandarte Island in British Columbia showed a 20-fold 
decrease in mean HCB levels from 304 ng/g in 1970 to 16 ng/g in 1991 . 

Low HCB levels in seawater and marine sediment samples are correlated with the low HCB 
residues observed in marine biota worldwide. However, lipid-rich tissues such as livers may 
concentrate relatively high levels of HCB. 

NHW/DOE, June 1993



CEPA Supporting Documentation 58 
Hexachlorobenzene 

6.2.11 Levels of HCB in Food 
In a small number of recent studies, concentrations of HCB have been examined in a limited 

range of foods consumed in Canada (Appendix B - Table 12). In these studies, HCB has been detected 
primarily in fatty foods such as meats and dairy products; mean concentrations are generally in the low 
ng/g range or less. (Older surveys of organochlorine residues in various foods (eg. McLeod et al., 
1980, and references therein) may not be relevant to current exposures, as some evidence suggests 
that levels of HCB in human tissues and various foods have declined since these earlier surveys were 
conducted (Section 6.2.13). Hence, they are not presented here). 

Davies (1988) reported levels of a variety of organochlorine compounds in composites of foods 
purchased in the summer of 1985 in Toronto, Ontario and combined in proportion to the amounts 
purchased by Ontario residents. These foods were reported as having been grown in Ontario, but a 
subsequent survey (OMAF/MOE, 1988) indicated that many were in fact imported and repackaged for 
sale. Composites of fresh meat and eggs, root vegetables and potatoes, leafy and other above~ground 
Vegetables, and COWS' milk (2%) contained less than 1 ng/g of HCB, while the compound was not 
detectable in fresh fruit (Appendix B - Table 12). 

In a subsequent study designed to verify the findings reported by Davies (1988), a limited 
number of Ontario foods were surveyed for a range of persistent toxic organochlorine compounds by 
the Ontario government (OMAF/MOE, 1988). Six foods each of plant and of animal origin were 
selected for analysis, based on their consumption by large numbers of Ontario residents, their 
availability at the time of the study, and/or their having been reported as contaminated with 
polychlorinated dibenzodioxins and dibenzofurans by Davies (1988). Samples of each food, 
representing the major sources of supply, were obtained in the summer of 1986. Most of the food 
samples did not contain detectable concentrations of HCB (LOD <O.2 ng/g, but HCB was present (at 
levels less than 1 ng/g) in a small fraction of the foods (Appendix B - Table 12). 

The Food Production and Inspection Branch of Agriculture Canada monitors agricultural 
commodities in Canada for a large number of pesticides on an ongoing basis, in order to ensure that 
these are in compliance with official food tolerances. In fiscal year (FY) 1989-90, HCB was not 
detected (LOD 2-5 ppb) in domestic supplies of beef, veal, mutton, pork, chicken, fowl, turkey, goose, 
duck, rabbit, eggs, butter and cheese, and was present at a reported average concentration of less 
than 1 ppb in samples of horse (Agriculture Canada, 1990)(Appendix B - Table 12). 

The results of routine monitoring by the provinces (as well as the Agriculture Canada surveys 
discussed above) are regularly compiled by the Food Residue Monitoring Consolidation Program. Most 
of the provincial surveys presented in the 1988 report (FRMCP, 1988) were small, and HCB was not 
detected in the foods tested, likely because of their relatively high limits of detection (Appendix B - 

Table 12). However, samples of dairy products collected in 1987 and 1988 by the Food Laboratory 
Services Branch of Alberta Agriculture frequently contained detectable cancentrations of HCB in cream, 
milk, and cheese, and HCB was also detectable in a small proportion of the meat and vegetable 
samples that were analyzed (Appendix B - Table 12). Because no information was provided on the 
source of these samples, they were not used in estimating human exposure to HCB. However, these 
data do confirm that HCB is detected primarily in fatty foods. 

The U.S. Food and Drug Administration Total Diet Study also conducts large-scale surveys of 
pesticide/Industrial chemical residues in the American food supply on an ongoing basis. The levels 
measured under this program were similar to those of the more limited study conducted by Davies, 
although the analytical methods employed differ somewhat (the lowest values reported are somewhat 
higher in the U.S. survey). In the most recent publications from this survey of 234 individual foods, 
the frequency of detection of HCB is consistently low (7% of samples in FY 1988; 5% in FY 1989; 
and 4% in FY 1990)(U.S. FDA, 1989, 1990, 1991). The concentrations of HCB in individual foods 
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from these surveys are not included in the above articles, but the results of the 1982-1986 surveys 
(Gunderson, 1988; Gunderson, undated) indicate that HCB is found most often in dairy products, 
meats, and peanuts/ peanut butter. Mean levels were less than 1 ng/g for all products except for 
peanuts (3.2 ng/g), peanut butter (3.0 ng/g), frankfurters (1.2 ng/g), and butter (2.4 ng/g). The 
concentration in peanuts is similar to that determined by Heikes (1980), who found that 11 samples 
0f DeaNUtS treated With pentaChIOfonitrobenzene (a seed fumigant contaminated with HCB) contained 
an average of 7.4 ng/g of HCB. 

6.2.12 Human Tissues and Fluids 

Owing to its persistence and Iipophilicity, HCB is present at low levels in the fatty tissues of 
virtually all members of the Canadian general population. 

Adipose Tissues 

The most recent Canadian data on the levels of HCB in adipose tissue were reported in a 
survey conducted in 1985, in which 108 autopsy fat samples were collected, representing all provinces 
except Manitoba, Saskatchewan and Nova Scotia (Mes, 1990; Mes et a/., 1990). HCB was detected 
in all samples; the geometric mean concentration was 25 ng/g (wet tissue), with a maximum value of 
1 18 ng/g. There were no clear differences in the tissue levels between various regions of the country, 
but concentrations were somewhat higher in older age classes, and in females, as in previous surveys 
,(Mes eta/., 1982; Williams eta/., 1984, 1988). 

Higher concentrations were reported for adipose tissues obtained during autopsies in 6 Ontario 
municipalities during 1984. In samples from 92 males the average was 71 ng/g (max; = 244 ng/g) of 
HCB, and in those from 49 females, 109 ng/g (max. = 373 ng/g) (\Mlliams et a/., 1988). The 
difference between these two surveys may be due, at least in part, to the fact that the average age 
of the people studied by Mes er al. (1990) was less than that for those studied by )Mlliams et al. 
(1988).

‘ 

Levels reported in earlier Canadian surveys of adipose tissue at autopsy (Mes et a/., 1977, 
1982; Williams et a/., 1984) were generally somewhat higher, although direct comparison among some 
of these studies is complicated by differences or uncertainties in the age composition of the 
populations studied, and by differences in the analytical methodology and statistical treatment. 

The most extensive information on levels of HCB in adipose tissue has been obtained in the 
U.S. National Human Adipose Tissue Survey (Robinson et al., 1990), in which data were collected from 
a nationally representative sample of 6081 autopsies and surgical patients from 1974-1983. HCB was 
detected in 98.8% of the samples, with a median concentration of 37 ng/g lipid; levels were 
significantly lower in 0-14 year olds (consisted largely of infants) than in older age classes, and there 
were no significant differences between sexes or between whites and non-whites. 

Based on a number of smaller studies, mean HCB levels in adipose tissues from most industrial- 
ized countries are similar to those reported here, although concentrations appear to be higher in some 
European countries (reviewed in U.S. EPA, 1985; Mes et a/., 1990). 

Breast Milk 

Organochlorine concentrations in breast milk of members of the Canadian general population 
have been surveyed a number of times by the Food Directorate of the Department of National Health 
and Welfare (Mes er a/., 1986). The most recent data which are available are from a survey conducted 
in 1982, in which breast milk from 210 women from different regions of Canada was analyzed. 
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Representation by region was based on census data. HCB was detected in all samples, at a mean 
concentration of 2 ng/g on a whole milk basis (54 ng/g on a fat basis); the maximum level was 9 ng/g. 
Concentrations of HCB were similar across regions. The mean concentration of HCB in a similar study 
conducted in 1975 (Mes and Davies, 1979) of 100 women was the same as for the 1982 survey on 
a whole milk basis, but was higher on a fat basis at 91 male (based on average fat contents reported 
in Mes er a/., 1986). This difference was in part because in the 1975 survey, milk was sampled at an 
earlier point in the lactational period than in 1982. Another Canadian survey of organochlorine levels 
in breast milk has recently been completed, but the data were not available at the time of writing 
(Newsome, personal communication). 

Slightly lower concentrations of HCB were determined in a survey of organochlorine 
compounds in the breast milk of Ontario women conducted in 1985 (Frank et 81-, 1988; mean 0.26 
ng/g on a whole milk basis for 18 samples) and in a 1989-90 survey of Quebec women (Dewailly er 
al., 1991; detected in 48 of 50 samples screened, mean 30 ng/g on a fat basis). 

In general, concentrations of HCB in breast milk in various countries or regions are related to 
their degree of industrialization and/or urbanization. Surveys summarized by Mes er al. (1986) indicate 
that mean HCB levels in the United States (31 ng/g on a fat basis) are quite similar to those in Canada 
(54 ng/g), and somewhat higher in Great Britain (140 ng/g), Germany (826 ng/g), and Sweden (110 
ng/g). Similarly, Schechter er al. (1989a) reported that concentrations of HCB in breast milk in the 
mid-1980's were lowest in samples from Thailand and Vietnam (range of means <2 to 10 ng/g on a 
fat basis), somewhat higher in those from a semi-rural area of the United States (1922 ng/g), and 
higher still in German samples (360 ng/g). (Numbers of samples in this study were extremely small, 
except for the German data (n = 167)). Frank er al. (1988) reported that levels of HCB in whole milk 
from rural Ontario inhabitants were half those from urban residents, but this difference was not 
statistically significant; in a similar analysis from Australia, HCB levels in milk from urban and rural 
inhabitants were virtually identical (Stacey et a/., 1985). 

In an HCB poisoning incident in Turkey (Section 10.1 ), breastfed infants were fatally 
intoxicated through their mothers' milk. In an early report of this incident (Peters er a/., 1966), HCB 
was reported as being present in breast milk, but was not quantified, and elevated levels were still 
evident (mean of 510 ng/g on a fat basis for 56 porphyric mothers) 20-30 years after the incident 
(Gocmen er a/., 1989). 

Other Tissues and Fluids 

HCB is present in a wide range of other tissues and fluids from humans, but at lower levels 
than in adipose tissue and breast milk. 

Jarrell er al. (1990) reported concentrations of several organochlorine compounds, including 
HCB, in serum and ovarian follicular fluid from residents of Hamilton (28 subjects), Halifax (25) and 
Vancouver (20). HCB was detectable in serum from most subjects, with mean concentrations for the 
positive samples ranging from 0.23 ng/g in Hamilton to 0.36 ng/g for the other two cities. Mean 
concentrations in follicular fluid were slightly lower (0.19-0.22 ng/g). 

Similar levels in blood have been reported in surveys of the U.S. general population. 
Concentrations of HCB in serum of U.S. subjects from the general population studied by Needham et 
al. (1990) averaged 0.189 ng/mL, compared to concentrations in adipose tissue of 39 ng/mL. Among 
U.S. residents examined during 1976-1980 as part of the U.S. Second National Health and Nutrition 
Examination Survey, concentrations in blood were quantifiable (2 1 ng/mL) in only 4.9% of the 2948 
subjects (Stehr-Green, 1989). Bush er al. (1984) studied levels of HCB in the blood of 101 women 
from maternity facilities in upstate New York; in maternal blood samples concentrations averaged 0.05 
ng/g, while levels in fetal cord blood averaged 0.1 ng/g. Plasma levels in residents near an HCB 
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manufacturing plant ranged from 2.4-3.6 pg/L, compared to 0.5 pg/L in controls (Burns and Miller, 
1975). Plasma coproporphyrin levels were also elevated without evidence of porphyria. 

Schechter er al. (1989b) reported HCB levels in various organs in autopsy tissue from three 
American patients. HCB levels in adipose tissue ranged from 15 to 24 ng/g wet tissue, while kidney, 
muscle, lung, spleen and testis contained 1 ng/g or less, and adrenals, bone marrow and liver contained 
intermediate concentrations. In .a preliminary study, Stachel et al. (1989) reported that the HCB 
concentration in the semen of 89 German men ranged from less than 0.32 to 4.3 ng/mL of HCB. 

6.2.13 Trends in Exposure of the General Population Over Time 

The results of some studies of changes in levels of HCB in foods and humantissues over time 
indicate that exposure of the general population in Canada to HCB declined from the 1970’s to the 
mid-1980’s, while in other studies there has been no clear trend. 

Based on routine monitoring of Ontario agricultural commodities, HCB levels appear to be 
decreasing (Frank et al., 1983, 1985a, 1985b; Frank and Ripley, 1990). Mean concentrations in grab 
samples of milk, bovine fat, poultry fat, and egg fat decreased by an order of magnitude or more 
between the early 1970's and the mid-1980's. 

Mes (1990) reported that concentrations of HCB in human adipose tissue from Canadian 
surveys with comparable methods of analysis were significantly lower in 1985 than in 1972; this 
decrease occurred in all age classes over this period. Tissue levels of HCB appeared to increase (not 
statistically significant) for older age classes between the surveys conducted in 1972 and 1976, but 
this was attributed to improvements in recovery during the analysis (Mes et a/., 1982). In contrast,

' 

in surveys of HCB concentrations in human milk samples collected from Ontario residents from 1978 
to 1985, there was no clear trend (Frank er al., 1988). Interpretation in this study is limited by the 
large amount of variability in the data and the small sample sizes after 1978 (s18). . 

Trend analyses from the United States, where levels in foods and in human tissues are similar 
to those in Canada, may also be relevant. Brown er al. (1986) reported that the frequency of 
detectable (> 10 ng/g in fat samples, wet weight) levels of HCB in the U.S. meat and poultry supply 
increased dramatically from 1972 to 1977-1978, but had fallen off sharply up to 1984. The most 
extensive study of levels of HCB in adipose tissues is the U.S. National Human Adipose Tissue Survey 
(Robinson er a/., 1990), in which data on residues were collected from a nationally representative 
sample of 6081 autopsies and surgical patients from 1974-1983. There was little change in residue 
concentrations over the study period, with the national median level remaining near 30 to 40 ng/g. 

7.0 POPULATION EXPOSURES 

7.1 Human General Population Exposure 

Based on the most relevant environmental concentrations of HCB of those summarized in 
Section 6, the average daily intakes, on a body weight basis, for various segments of the population 

- have been estimated. These estimated intakes, which are presented in Tables 13 to 16 (Appendix B), 
have been derived for different age classes of both the Canadian general population at large, and for 
subgroups of the population considered to have relatively high potential for exposure. Since intakes 
vary considerably during the course of the lifespan and the critical toxicological effect (i.e. cancer) is 
associated with long-term exposure to HCB, estimates of the total daily intake of HCB averaged over 
a lifetime have also been calculated based on these age-specific intakes. 
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Average intakes were estimated based on those reports of HCB levels in Canadian air (EC, 
1990b, 1991c), water (Oliver and Nicol, 1982) and foods (Davies, 1988) which were the most recent 
and/or which had the lowest limit of detection. In addition, this information was supplemented with 
results from the U.S. Total Diet Study (Gunderson 1988; Gunderson, undated) and U.S. National Soils 
Monitoring Program (Carey et al., 1979) in instances when Canadian data were not available. These 
data were used in conjunction with standard values for body weights and intakes of air, water, food 
and soil by various age groups of the Canadian general population (EHD, 1992). In instances when 
HCB was not detectable in a given medium, it was assumed that the compound was present at one 
half of the limit of detection (LCD) (or one half of the minimum reported concentration, if the LCD was 
not reported); this assumption is consistent with the ubiquitous presence of HCB in the environment. 

The vast majority of the estimated intake of HCB by members of the Canadian general 
population is via fatty foods (Appendix 8 -Tables 13 and 14) primarily through such dairy products as 
milk and butter, and to a lesser extent through fresh meat and eggs, and peanuts/peanut butter. 
Intakes of HCB via air, water and soil are estimated to be negligible compared to that from food. 
Owing to the lipophilic nature of HCB, it accumulates in breast milk: as a result the estimated intake ' 

for breast-fed infants is greater than in other age groups in the general population. Intakes decline as 
people age, due to a deereased censumption of food, particularly dairy products, per unit body weight 
in older age classes. 

Average total daily intakes of HCB by the Canadian general population are estimated to be 214 
ng/kg b.w.lday for breast-fed infants, 18 ng/kg b.w.lday for toddlers, 9.9 ng/kg b.w.lday for grade- 
school children, 4.8 ng/kg b.w.lday for teenagers, and 2.8 ng/kg b.w.lday for adults (Appendix B - 

Table 13). Assuming a 70-year lifespan, the total daily intake of HCB for members of the general 
population averaged over a lifetime is estimated to be 6.2 ng/kg b.w.lday. 

Although judged to be the best available, the monitoring data used to estimate intakes are 
nonetheless relatively limited. In particular, although intakes from butter, milk, and ice cream by the 
general population are relatively large, the intakes through most dairy products have been derived from 
levels of HCB in milk from a single study, and data on the remainder of dairy products are from the 
U.S. Total Diet Study. In addition, no data on HCB concentrations in indoor air or in Canadian soils 
were identified. 

HCB accumulates to relatively high levels in long-lived wildlife species from the top of the food 
chain and/or from contaminated environments. People who consume large quantities of these 
organisms would experience higher than average exposures to HCB. Hence, in this instance the high- 
exposure subgroups include recreational fishermen who consume large quantities of salmonids, and 
Inuit from the high Arctic who consume large quantities of marine mammals. Exposure of populations 
residing in the vicinity of industrial sources may also be greater than that for the general population, 
but the available data were considered inadequate as a basis for quantitative estimation (Sections 6.2.1 
and 6.2.9). 

Sport fishermen who consume their catch from Lake Ontario, the Great Lake with the highest 
concentrations of HCB in fish tissues, would be expected to have some of the highest intakes of those 
of recreational anglers. These intakes have been estimated based on a recent survey by the Ontario 
Ministry of the Environment, of salmon and trout consumption by anglers who filled out questionnaires 
during salmon derbies on Lake Ontario, Lake Huron and Georgian Bay (Cox and Johnson, 1990), and 
a recent report of HCB concentrations in Lake Ontario salmonids (Niimi and Oliver, 1989; Section 
6.2.10.2) 

Intakes of HCB by people consuming large quantities of Inuit food were estimated using data 
from the study of residents of a remote island located on the eastern coast of Baffin Island, conducted 
in 1987-1988 (Kuhnlein, 1989; Kinloch et al., 1992). This community had been selected for study 
on the basis of its high per capita use of traditional wildlife species. The patterns of Inuit food harvest 
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and consumption were examined by interview every two months during 1987-1988 (7 times in all) . 

Food samples were analyzed for contaminants at the Freshwater Institute of the Department of 
Fisheries and Oceans (Muir et al., 1988b). The primary source of food in this community is 

subsistence hunting and fishing, and because of the relatively high concentrations of lipophilic 
contaminants in the marine mammals which are consumed in large quantities, this situation is intended 
to represent an upper estimate of plausible exposure to HCB. ' 

Estimated intakes are somewhat higher for adults who consume salmonids from Lake Ontario 
in the qdantities identified in the Ontario Ministry of the Environment survey (Cox and Johnson, 1990). 
This consumption alone is estimated to add 2.5 ng/kg b.w.lday (Appendix B - Table 15) to the 2.8 
ng/kg b.w.lday which they would receive on average from other pathways; the resultant total of 5.3 
ng/kg b.w.lday represents an intake. which is almost double that of the general population of adults. 
Assuming that the intake of HCB for age classes other than adults is the same as for the general 
population (Appendix B - Table 13), the total daily intake for these recreational fishermen averaged 
over a 70-year lifetime is estimated to be 8.0 ng/kg b.w.lday. 

Relatively high intakes are estimated for people subsisting on Inuit food (Appendix B - Table 
16). The average intake for these people via consumption of Inuit foods is calculated to be 92 ng/kg 
b.w.lday, a value roughly thirty times higher than the estimated intake fer the general adult population. 
Approximately one half of this intake is consumed in blubber, with significant contributions from meat, 
mattak, and fat. Because only those species and food items which were consumed the most heavily 
were considered in this estimate (Appendix B - Table 16), actual intake may be somewhat greater. The 
calculated intakes of HCB are for adults; intakes would likely be the highest for this age class, as was 
reported for PCBs in the same survey, because of their high consumption of Inuit foods (Kuhnlein, 
1989; Kinloch er a/., 1992). Based on the estimates for the general population (Appendix B ~Table 13), 
intakes of HCB via air, water, soil, and other foods are expected to be minor compared to that from 
these Inuit foods. Although this intake of HCB was calculated for adults, it has been assumed to 
approximate the exposure over the total lifespan. While younger study participants had a lower 
consumption of Inuit foods than adults, a number of other minor pathways of exposure are not 
included in this estimate, and adulthood comprises the majority of the lifespan. 

8.0 KINETICS AND METABOLISM 
8.1 Plants 

Terrestrial plants metabolize HCB slowly (Scheunert et a/., 1983, 1985; Topp er a/., 1989). 
Polar metabolites (unidentified), plant-bound residues and parent compound accounted for 14, 20, and 
67% respectively of the total radiolabelled HCB in barley after uptake from soil over one growing 
season. The ratio of conversion to polar metabolites Was less than 1% of the absorbed HCB in cress, 
while 98% constituted the unchanged compound (Topp et a/., 1989). In wheat grain, up to 70% of 
HCB was in the form of nonextractable residues and only very small amounts accounted for soluble 
polar metabolites. Pentachlorothiophenol, isolated from roots, was the major product identified 
(Scheunert er a/., 1983). 

8.2 Terrestrial Invertebrates 

After being fed a contaminated diet for 10 days, the terrestrial s’lug, Deroceras reticulatum, did 
not metabolize HCB (99.6% unchanged HCB). Total excretion of HCB, measured by radioactive carbon 
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in the faeces and the mucous accounted for 6% of the ingested HCB. Slugs assimilated approximately 
35% of HCB of the total dose fed during the 10 day period (Haque and Ebing, 1983). 

8.3 Aquatic Organisms 

Sanborn et al. (1977) detected pentachlorophenol and at least four unidentified polar 
metabolites in liver, stomach, pyloric caeca. intestine, skeletal muscle and carcass of the green sunfish, 
Lepomis cyaneI/us, after oral administration of HCB-contaminated food for 28 days. In a 48-hr 
exposure test at sublethal concentrations in water, HCB was not metabolized by zebra fish 
(Brachydam‘a rerio) (Kasokat et al., 1989). 

Invertebrates were found to slowly metabolize HCB to compounds such as 
pentachlorothioanisole, pentachlorophenol, and other metabolites (Lu and Metcalf, 1975; )Megelt and 
Ernst, 1989). Small amounts of pentachlorothioanisole and several other compounds as the metabolic 
products of HCB were identified in mussels (Myti/us edu/is), after a 16~day exposure period (Bauer et 
al., 1989). In an aquatic model ecosystem treated with "C-HCB (24 hours), unchanged HCB 
accounted for 84% of the total radioactivity in snails (Physa sp.). 67% in water flea (Daphnia magna), 
65% in mosquito larvae (Cu/ex pipiens), and 64% in fish (Gambus/a affinis). Pentachlorophenol was 
found in algae (Oedogonium cardiacum), mosquito larvae and the aqueous phase as the sole 
degradation product (Lu and Metcalf, 1975). 

8.4 Birds 

In wild birds, body burdens of HCB are affected primarily by annual fluctuations in body fat 
content. Norstrom (unpublished data) found that HCB deposited in yolk during egg production in the 
herring gull (Larus argenratus) accounted for less than 10% of total HCB eliminated by the parent 
organism. In contrast, Breslin er al. (1983) found that 50% of total HCB eliminated from laying 
bobwhite quail (Ca/I'nus virginianus), a species that lays many eggs, was accounted for in egg yolk. 
For most wild species, egg laying will account for a relatively small loss of HCB while depletion of 
stored fat during energetically costly activities Such as migration and molting may result in a significant 
reduction in body burdens. 

For organochlorine compounds with long half-lives, the accumulation of residues by chicks of 
fish-eating birds during growth is usually small compared with the amount of residue carried over from 
the egg, because the residue levels in fish are much lower than in the egg (Norstrom et al., 1978). 

The half-life of HCB in juvenile herring gulls dosed intraperitoneally with 5 mg/kg was 21 1 days 
(Clark et a/., 1987). Half—lives predicted through computer modelling of a wild population of Herring 
Gulls in Lake Ontario were 188 days for juveniles and 107 days for adult females. In studies by Kan 
and Tuinstra (1976) and Hansen et al. (1978), with domesticated chickens fed diets containing HCB, 
half-lives of HCB in fat were 35 and 24 days, respectively. 

8.5 Mammals 

8.5.1 Absorption 

Data on the absorption of HCB by humans have not been identified. HCB is readily absorbed 
from the gastrointestinal tract in experimental animals. Roughly 80% of an oral dose of HCB (between 
10 and 180 mg/kg b.w.) is absorbed by rats if administered in an oil vehicle (Albro and Thomas, 1974; 
K055 and Koransky, 1975; lngebritsen et a/., 1981 ), while absorption is relatively poor (2-20%, 
depending on the dose) with an aqueous solution (Koss and Koransky, 1975). Bleavins et al. (1982) 
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fed female European ferrets a single dose of 57.6 pg of HCB in diet, and estimated that 98.5% of the 
administered dose was absorbed, assuming a passage time for food through the gut of just over 3 
hours; they suggested that the high fat content of the diet (22.2%) promoted good absorption. 

Koizumi (1991) studied dermal absorption of 100 ,uL of “C-labelled HCB, in tetrachloroethylene, 
by male Fischer 344 rats. The cumulative absorption (sum of amounts in urine, faeces, liver, carcass, 
skin not directly contaminated, and subcutaneous tissue) increased from 1.05% of the applied dose 
at 6 hours to 9.71% at 72 hours. 

No data were identified regarding absorption of HCB following inhalation. 
8.5.2 Distribution 

There are no studies of tissue distribution of HCB in humans, although HCB is detectable in 
most human tissues and fluids (Section 6.2.12), and its presence in human foetal tissues indicates that 
the developing offspring is exposed transplacentally to HCB. 

The distribution of HCB has been examined in a large number of studies with laboratory 
animals. The species studied have included rats, monkeys, mice, rabbits, beagles, ferrets, hamsters, 
guinea pigs, sheep, Japanese quail, rainbow trout, and cod (Courtney. 1979; US. EPA. 1985: 
lngebritsen, 1986; ATSDR, 1990). In test mammals, HCB is distributed to a wide range of tissues, 
with the highest levels observed in those with greatest lipid content. Hence, in most studies, 
concentrations are greatest in adipose tissue, followed by such tissues as the adrenal cortex, liver, 
bone marrow, and skin. Distribution to various tissues appears to be similar for the oral, intravenous 
or intraperitoneal routes of administration (K055 and Koransky, 1975; Yang et al., 1978; Sundlof er 
al., 1982). It appears that an oral dose of HCB is taken up and distributed mainly via the lymphatic 
system, with only a minor portion being carried via the partal circulation (latropoulos et al., 1975; 
Rozman er al., 1979). No information was found on the tissue distribution of HCB following inhalation 
or dermal exposure. 

HCB is transferred to offspring both transplacentally and via mothers' milk. In pregnant mice, 
rats, hamsters, guinea pigs and rabbits exposed to HCB during gestation, concentrations of HCB_ in 
foetuses were dose-related (Villeneuve er al., 1974; Courtney and Andrews, 1979; Courtney er al., 
1979; 1985). Nursing rats, monkeys and ferrets whose mothers had been administered HCB in the 
diet accumulated the compound primarily in such tissues as fat, liver, bone marrow, adrenals, and 
lymph nodes (Mendoza er a/., 1975; Bailey et al., 1980; Bleavins et al., 1982). 

8.5.3 Metabolism 

Metabolic transformation of HCB is not extensive in the species which have been studied. 
Metabolism is minimal because of the complete saturation of the benzene ring by chlorine, a large 
electronegative atom that hinders the formation of arena-oxides, the usual product of the metabolism 
of chlorinated benzenes (Matthews, 1986). In addition, the deposition of HCB in fat and other ti58ues 
with limited potential for metabolism or excretion is thought to contribute to its slow rate of elimination 
(Yang er al., 1978; Sundlof er al., 1982). 

Only a single report of the metabolism of HCB by humans has been identified. To-Figueras er 
al. (1992) reported, in an abstract, the presence of metabolites of HCB in the urine of 40 healthy 
volunteers (apparently from the general population of Spain) with a high body burden of HCB (mean 
levels in adipose tissue 2420 ng/g). Pentachlorophenol (mean of 18.0 ng/mL) and 
pentachlorothiophenol (1.85 ng/mL) were present in 100% of the samples, while 
tetrachlorohydroquinone was not detected (limit of detection, 0.1 ng/mL). The authors noted that at 
least part of the pentachlorophenol would be of exogenous origin. 
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The metabolism of HCB by experimental animals has been examined in a large number of 
studies (Mehendale et 81., 1975; Engst er a/., 1976; Koss et a/., 1976, 19783. 1978b, 1986; Rozman 
er a/., 1977; Koss and Koransky, 1978; Jansson and Bergman, 1978; Yang et a/., 1978; Richter er 
a/., 1981; Rizzardini and Smith, 1982; Sundlof et a/., 1982). Most of these studies have been 
conducted on rats, but the species studied have also included monkeys, beagles, mice, guinea pigs, 
Japanese quail, laying hens, and rainbow trout. The major metabolites found in the urine of animals 
exposed to HCB by various routes are pentachlorophenol, tetrachlorohydroquinone, and 
pentachlorothiophenol. Other metabolites include tetra- and penta- chlorobenzenes and thioanisoles, 
and tri- and tetra- chlorophenols, both in free and conjugated forms. Most eXCretion is via the faeces 
(Section 8.5.4), primarily as HCB, but often also small amounts of phenolic metabolites and lower 
chlorinated benzenes. Tissues contain almost exclusively the parent compound, and traces of 
metabolites in some instances. Pentachlorophenol, HCB and pentachlorobenzene have been identified 
in the bile of rats dosed intragastrically with HCB (lngebritsen et al., 1981 l. 

The pathways of biotransformation of HCB have been reviewed by Debets and Strik (1979) 
and by Renner (1988). The metabolism of HCB operates via three distinct pathways. These are 
oxidative pathways which give rise to phenolic metabolites including pentachlorophenol, 
tetrachlorohydroquinone, and tetrachlorobenzoquinone; a glutathione-conjugation pathway leading to 
pentachlorothiophenol, pentachlorothioanisoles, and several other sulfur-containing metabolites; and 
a minor pathway which yields lower chlorinated benzenes through reductive dechlorination. 
Metabolism occurs primarily in the liver, although dechlorination of HCB has also been demonstrated 
in vitro in enzyme preparations from the lung, kidney, and small intestine (Mehendale et al., 1975). 

The porphyrinogenic action of HCB does not appear to be caused by HCB directly, but is 
instead linked to the oxidative biotransformation of HCB by specific cytochrome P-450 isoenzymes 
(reviewed by van Ommen and van Bladeren, 1989). Thus, HCB-induced porphyria is affected by 
cytochrome P-450 inducers such as phenobarbital, and inhibited by cytochrome P-450 inhibitors. 
Whether the porphyrinogenic action of HCB is due to a reactive intermediate or some other feature of 
its biotransformatiOn is not yet known. 

8.5.4 Excretion 

The available data on the rate of elimination of HCB by humans are extremely limited, but 
indicate that it is slow. Currier er al. (1980) reported that the half-life of HCB in U.S. workers exposed 
to HCB in the manufacture of chlorinated solvents was approximately two years. In another report 
(Mazzei and Mazzei, 1972, in Courtney, 1979), the level of HCB in the blood of an Argentinian worker 
whose job required direct handling of the compound was 383 ng/g , and had declined to 268 ng/g a 
year after leaving his job (398 days in the original publication). Assuming first-order elimination 
kinetics, these data yield a biological half-life of 2.1 years. 

The excretion of HCB by laboratory mammals has been examined in a number of studies (Albro 
and Thomas, 1974; Koss and Koransky, 1975; Mehendale et a/.. 1975; Koss et a/., 1976, 1978a; 
Rozman er a/., 1977, 1981; Bleavins et al., 1982; Sundlof et al., 1982; Scheufler and Flozman, 1984; 
Yamaguchi et al., 1986). Most of these studies have been conducted on rats, but other species 
examined have included monkeys, dogs, rabbits and ferrets. The excretion of HCB by treated animals 
occurs mainly through the faeces (between 20% and 40% of the dose in most studies), regardless of 
the route of administration. At most, a few percent is excreted in the urine. Both biliary excretion and 
non-biliary intestinal transfer contribute to faecal excretion (Rozman et a/., 1981; lngebritsen et al., 
1981; Richter and Schafer, 1981; Sundlof er a/., 1982). No radioactivity has been detected in the 
exhaled breath of rats exposed to HCB by the oral route (Koss and Koransky, 1975; Yang et al., 1978). 

NHW/DOE, June 1993 

-—--x



CEPA Supporting Documentation 6-, 

Hexachlorobenzene 

In the above studies, excretion was generally slow. Flats administered a single oral dose of 0.2 
mg of HCB eliminated it with a half-life (for the whole body burden) of 20 days (Yamaguchi et 8/.. 
1986). Similar results were reported by Scheufler and Rozman (1984), who estimated half-lives 
following a 1.5 mg/kg b.w. intravenous dose of 16.9 and 23.5 days (urine and faeces respectively) 
for rats, and 28.7 and 32.0 days for rabbits. The apparent half-life in the fat of sheep dosed orally 
with 0.1 to 100 mg/day of HCB fer 18 weeks was estimated to range from 10 to 18 weeks (Avrahami 
and Steele, 19723) and from 91 to 98 days following exposure to between 0.01 and 1.0 mg/kg in diet 
(Mull er a/., 1978), while that for pigs ranged from 10 to 12 weeks (0.1 to 10 mg/kg in diet) 
(Avrahami, 1975). For three beagles receiving a 1 mg/kg b.w. intravenous dose of HCB, Sundlof et 
al. (1982) estimated biological half-lives (based on the terminal slope of the blood curves) of 42, 54, 
and 1055 days. Elimination is much slower for monkeys than for other species. Rozman et al. (1975. 
cited in Rozman et 81., 1981) reported that the biological half-life for an oral dose of 0.5 mg HCB/kg 
b.w. was 2.5 to 3 years in rhesus monkeys, gem 3 to 4 months for rats given the same dose. 

Those half-lives estimated from tissue clearance will overestimate the elimination of HCB when 
the test mammals grow over the course of the experiment. Freeman er al. (1989) used a 
physioldgically-based pharmacokinetic model to estimate that approximately 75% of the decline in 
concentration in the fat of the rats studied by Scheufler and Rozman (1984) was‘ caused simply by the 
growth of the rat. 

'

. 

Elimination from tissues and fluids has been reported to be biphasic in some studies; fast initial 
clearance (thought to be affected by redistribution between highly perfused tissues and less perfused 
ones) is followed by a slower phase of elimination. Based on pharmacokinetic analyses of data on 
beagles (Sundlof et a/., 1982) and rhesus monkeys (Yang et a/., 1978) it has been concluded that the 
kinetics of HCB elimination are adequately modelled by a 3-compartment model, which incorporates 
excretion from a central compartment, and two peripheral compartments to which distribution is either 
fast or slow. 

HCB has been detected in the milk of several species, including humans (Section 6.2.12.2), 
and experimental studies with laboratory animals indicate that lactational transfer of HCB from dams 
to offspring can be an important route of elimination for the dams. In mice, 95% of the maternal body 
burden of HCB was depleted over 20 days of lactation (Courtney and Andrews, 1985). Bleavins et 
al. (1982) determined that HCB levels in most tissues of nursing European ferrets given a 57.6 pg dose 
of HCB were from 10% to 30% of those in unbred mothers receiving the same treatment. Faecal and 
urinary excretion were similar between bred and unbred ferrets. HCB concentrations in the perirenal 
fat of rats given 20 mg/kg HCB in the diet which nursed second litters were appreciably less than in 
dams which did not breed a second litter successfully (Linder et al., 1983). 

No studies of elimination following inhalation or dermal exposures were‘fOund. 

9.0 MAMMALIAN TOXICOLOGY 
Some technical mixtures of HCB have been shown to contain a variety of toxic 

microcontaminants, including octachlorodibenzo-p-dioxin, octachlorodibenzofuran and 
decachlorobiphenyl (Villanueva et a/., 1974; Goldstein er a/., 1978). In the following chapter, when 
the results of individual studies are reported, the purity of the formulation employed is also indicated. 
In the best available study which has examined the role of microcontaminants in the toxicity of HCB, 
the pulmonary and hepatotoxic effects observed in treated rats were attributable to the parent 
compound itself (Goldstein er a/., 1978). 
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9.1 Acute Toxicity 

Based on a limited number of studies, the acute toxicity of HCB is low. The LODso and LC6° 
Values compiled by lARC (1979), Strik (1986), and Sax (1989) for various species of mammals and 
routes of exposure are presented in Table 1 (Appendix C). The time periods over which the animals 
were exposed or observed were not indicated in these sources. Acute lethal doses elicit convulsions. 
tremors, weakness, ataxia, paralysis and pathologic changes in organs. In several studies, single oral 
doses of 100-1000 mg/kg b.w. produced increases in various liver enzyme activities in rats within 24 
hours (Strik, 1986). 

It is important to note that it is unlikely that the high doses reported for these acute studies. 
as well as for some of the short-term studies (Section 9.2), were actually achieved. Although HCB is 
very lipophilic, it does not dissolve easily in oil; above a limit of about 10 mg/mL corn oil, HCB forms 
a suspension rather than a solution. The maximal dose attainable by gavage in this vehicle is 

approximately 100 mg/kg b.w., assuming a dosing volume of 10 mL/kg b.w.. In addition, since HCB 
is not highly volatile, the high airborne concentrations reported for the acute inhalation assays in Table 
1 (Appendix C) would necessarily have involved exposure to HCB in a particulate form (Charbonneau, 
personal communication). 

9.2 Short-term Repeated-Dose Toxicity 

The short-term toxicity of HCB following repeated administration, which has been reviewed by 
Courtney (1979), U.S. EPA (1985) and Strik (1986), has been examined primarily in rats. Exposure 
to high doses in these studies has been associated with severe pathological effects, including 
histopathological and functional changes in the liver, neurological changes, and effects on the immune 
system (the latter are discussed in Section 9.7). For example, high mortality was observed in male and 
female Wistar rats dosed orally for 16 days with 500 mg/kg b.w./day of HCB in corn oil (Villeneuve 
and Newsome, 1975). At somewhat lower doses (30-250 mg/kg b.w./day), effects reported from 
short-term exposures include effects on body weight, cutaneous lesions, tremors and other neurological 
signs, hepatomegaly, liver damage, and in some cases, small increases in urinary excretion of 6- 
aminolaevulinic acid (ALA) synthetase, porphyrins or porphyrin precursors (U.S. EPA, 1976, 1985; 
Courtney, 1979; Strik, 1986). Food deprivation can enhance the short-term toxicity of HCB, as 
manifested by increased lethality and hepatoxicity (Villeneuve, 1975: Villeneuve et a/., 1977). Based 
on the results of a recent study, it has been suggested that this enhancement may be related to energy 
restriction, rather than protein deficiency (Rodrigues et a/., 1991 ). 

Biochemical effects, particularly the induction of microsomal and cytoplasmic hepatic enzymes 
have been observed soon after exposure to HCB. Enzymes induced by short-term exposure to HCB 
include a variety of Phase I (cytochrome P-450 isoenzymes and various other mixed-function oxidases) 
and Phase II enzymes (Wada er a/., 1968; Courtney, 1979; Denomme et al., 1983; U.S. EPA, 1985; 
Linko et a/., 1986; Strik, 1986; V05 et al., 1988; Green et al., 1989; Rizzardini et el., 1990; D’Amour 
and Charbonneau, 1992). HCB increases the activities of both phenobarbital and 3—methyl- 
cholanthrene-inducible cytochrome isoenzymes (P-450lIB and P-450l, respectively). Enzymes can be 
induced by relatively low doses. For instance, in Wistar rats fed HCB in diet for 14 days, the low-effect 
level for microsomal liver enzyme induction was 50 mg/kg feed (approximately 2.5 mg/kg b.w./day), 
and the no-effect level was 20 mg/kg feed (1 mg/kg b.w./day) (den Tonkelaar and van Esch, 1974). 

The results of available short-term studies indicate that there is some variation among species 
in susceptibility, although effects in general are similar to those observed in rats. For example, 
Villeneuve and Newsome (1975) reported that guinea pigs were more susceptible than rats to the toxic 
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effects of HCB, as measured by mortality and body weight loss, even though accumulation of the 
substance in the brain and liver was lower in the guinea pig. 

lnterspecies variations in the nature of effects following short-term exposure have 3'50 been 
identified. For example, De Matteis et al. (1961) found that neurological signs, fatty changes in liver. 
and increased mortality were common to rats, rabbits, mice and guinea pigs fed 0.5% HCB in diet. but 
porphyria was only observed in the first two species. 

9.3 Longer-Term Repeated Dose (Subchronic) Toxicity 

The subchronic toxicity of HCB has been reviewed by Courtney (1979). US. EPA (1985), and 
ATSDR (1990). In virtually all of the studies conducted to date, HCB was administered orally. A single 
report of the immunotoxic effects of inhalation by rats is discussed in Section 9.7. Most subchronic

‘ 

studies have been conducted on rats, but species examined have also included mice, hamsters, pigs, 
dogs, sheep and monkeys. The effects observed in these other mammals are generally similar to those 
in rats. 

In general, the effects produced by subchronic exposure to HCB are similar to those in short- 
term studies (Section 9.2). However, they are often evident at lower closes with subchronic 
exposmes, as a result of the accumulation of HCB in tis5ues. At relatively high doses (32 mg/kg 
b.w.lday and higher), deaths, skin ulcerations and scabbing, and behavioural and neurological changes 
have been reported. Body weight gain is often reduced. There are frequent reports of treatment- 
related increases in the size and weight of the liver, sometimes in association with increases in other 
organ weights, including the spleen, kidney and thyroid. 

The liver is an important target for the toxic effects of HCB, and in a large number of studies, 
the compound's hepatotoxic effects have been investigated. Exposure to HCB has produced 
enlargement of hepatocytes, often associated with histological changes, including liver cell 
degeneration, necrosis, proliferation of the smooth endoplasmic reticulum, abnormal mitochondria, and 
formation of fatty deposits (Courtney, 1979; U.S. EPA, 1985; and ATSDR, 1990). 

The porphyrinogenic effects of exposure to HCB have been well studied. Porphyria has been 
observed in all species examined except the dog, most often manifested as increased levels of 
porphyrins and/or porphyrin precursors in the liver, other tissues, and excreta. This imbalance in 
porphyrin metabolism is associated with the inhibition of uroporphyrinogen decarboxylase activity, and 
often with the induction of ALA synthetase, the enzyme which catalyzes the rate-limiting step in heme 
synthesis. There is a delay before exposed animals become porphyric, which appears to reflect the 
time needed for HCB-related porphyrins (the more highly carboxylated ones) to become a substantial 
fraction of the porphyrin pool (Kennedy eta/n 1986; Kennedy and Wigfield, 1990), as well as the time 
to receive a sufficient cumulative dose (Krishnan et a/., 1991). 

Female rats are more sensitive than males to the porphyrinogenic effects of exposure to HCB. 
In various strains of rats exposed to doses of several mg/kg b.w.lday of HCB in diet or by gavage, for 
periods of between three and four months, females have developed a marked porphyria which has been 
absent or much reduced in males (Kuiper-Goodman et a/., 1977; Rizzardini and Smith, 1982; Smith 
et 8]., 1985). In a number of studies, the basis for the susceptibility to HCB-induced porphyria of 
female rats over males has been examined. Grant et al. (1975) reported that ovarectomy decreased, 
and castration increased, the accumulation of porphyrins in the livers of female and male Sprague- 
Dawley rats with subchronic exposure to HCB, suggesting a role for steroid hormones in the 
development of porphyria in this species. In another study, female Fischer 344 rats with HCB-induced 
porphyria had higher levels of cytochrome P-450lA isoenzymes and ethoxyresorufin O-deethylase 
activity than males, whereas males had higher levels of total cytochrome P-450 and activities of 
microsomal monooxygenases associated with cytochrome P-450llB1 (Smith et a/., 1990). In Fischer 
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344 rats with HCB-induced porphyria, sex-related differences in urinary and hepatic porphyrin levels 
were paralleled by differences in the excretion of phenolic metabolites, particularlY pentaChIOI’O' 
thiophenol (Rizzardini and Smith, 1982). These findings were further investigated in a shOrt-term study 
by D'Amour and Charbonneau (1992), which indicated that male rats may be more resistant to HCB- 
induced porphyria than females because hepatic conjugation of HCB with glutathione is more impOrtant 
in males; male Sprague-Dawley rats receiving a porphyrinogenic dose of HCB had significantly lower 
hepatic gluthione concentration and higher glutathione transferase activity (to 3,4-dichloronitrobenzene) 
than controls, whereas no significant differences were observed in females. Biliary excretion of PCTP 
(a metabolite of glutathione conjugation) and the rate of elimination of HCB from liver were greater in 
males than in females. 

Subchronic exposure induces the activity of a variety of hepatic microsomal enzymes. HCB 
produces a mixed-type induction of cytochrome P-450 isoenzymes which resembles that produced by 
a combination of phenobarbital (cytochrome P-450 II B) and 3-methylcholanthrene (cytochrome P-450 
l, formerly known as P-448) (Goldstein et al., 1982), as observed in short-term studies (Section 9.2). 
Activities of various other hepatic microsomal enzymes are increased by HCB exposure in several test 
specues. 

The possible role of contaminants in the toxicity of HCB was examined in a subchronic study 
by Goldstein et al. (1978). These researchers fed female Charles River CD rats diets containing 0, 30, 
100 and 300 mg/kg of either pure or technical grade HCB for 4 months. The technical grade 
compound was contaminated with 200 mg/kg of decachlorobiphenyl and 4 mg/kg of 
octachlorodibenzofuran, whereas pure HCB contained 0.5 mg/kg decachlorobiphenyl but no detectable 
dibenzofurans or dibenzodioxins. At the two highest doses there was enlargement of liver cells, 
induction of several hepatic drug-metabolizing enzymes, porphyria, and hypertrophy and proliferation 
of the endothelial cells of the smaller pulmonary blood vessels. There were increases in aryl 
hydrocarbon hydroxylase and aminopyrine N-demethylase activities in the group ingesting the diet 
containing 30 ppm (2-5 mg/kg b.w.Iday over the course of the experiment). The effects of pure and 
technical HCB were virtually identical, indicating that the effects observed were due to the parent 
compound rather than the contaminants. 

The lowest doses producing effects on the liver in a subchronic study were reported by den 
Tonkelaar et al. (1978). Groups of 5 pigs were fed a diet yielding doses of 0.05, 0.5, 5, or 50 mg/kg 
b.w.Iday of pure HCB for 90 days. At the highest dose, animals showed clinical signs associated with 
porphyria and died during the experiment. Significant increases were found in the weight of the liver, 
kidneys, and thyroid in the group receiving 5 mg/kg b.w.lday. Urinary coproporphyrin and the activity 
of microsomal liver enzymes were significantly increased in the groups administered 0.5 and 5 mg/kg 
b.w.lday. There was hepatic centrilobular hypertrophy and occasional smooth endoplasmic reticulum 
changes at all doses except 0.05 mg/kg b.w.lday. 

Increases in peripheral metabolism by HCB-induced enzymes and subsequent excretion of 
thyroid hormones may be responsible for the effect on thyroid regulation reparted in recent studies of 
rodents (Rozman et a/., 1986; Smith et a/., 1987; Kleiman de Pisarev et a/., 1989, 1990). Exposure 
for several weeks to doses which were also hepatotoxic was associated with decreases in circulating 
levels of thyroid hormones, and increases in serum levels of thyroid stimulating hormone, thyroid 
weight and uptake of iodine. van Raaij et al. (1991a) reported that intraperitoneal injection of 
pentachlorophenol and tetrachlorohydroquinone, but not HCB itself, decreased serum thyroxine levels 
in rats, indicating that these metabolites may also be involved in the effects of HCB on the thyroid. 
These authors subsequently reported that PCP was a more effective competitor for thyr0xine-binding 
sites of serum carriers in vitro than HCB (van Flaaij et al., 1991b). 

In recent studies, calcium homeostasis and bone morphometry have been sensitive endpoints 
for the toxicity of HCB. Groups of 5-10 Fischer 344 rats exposed to HCB (purity > 99.7%), by gavage 
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in corn oil, for 5 to 15 weeks had elevated serum levels of 1,25-dihydroxy-vitamin Da and parathyroid 
hormone, along with increased femur density and a reduction in calcium excretion (Andrews et 81.. 
1988, 1989). A subsequent 15-week study on groups of 33 rats (Andrews et a/., 1990) confirmed 
this hyperparathyroidism, and revealed increases in several femur measurements, as well as strength. 
Effects were evident at a dose of 1 mg/kg b.w. given 5 days per week, but not at 0.1 mg/kg b.w. (0.7 
and 0.07 mg/kg b.w./day, respectively). 

Ertt'Jrk er al. (1982, 1986; Lambrecht et 8/., 1982a,b) examined the tumourigenic activity of 
subchronic exposure to HCB in both sexes of Swiss mice, Syrian golden hamsters, and Sprague- 
Dawley rats at dietary levels of 0, 100, and 200 mg/kg (mice) and 0, 200, and 400 mg/kg (hamsters 
and rats) of 97% pure HCB for 90 days. At day 91, 25 of 50 animals in each group were sacrificed 
for histological examination, with the remainder being sacrificed at six-week intervals (up to 341, 361, 
and 424 days for mice, hamsters and rats, respectively). The results of these studies were reported 
in summary form only, and much of the quantitative data were not presented. Early necrotic and 
degenerative changes gave rise to proliferative effects in the liver, bile duct, and kidneys of treated 
animals as the experiment progressed. There were proliferative changes in the lymphohaematopoietic 
system, and Iymphocytic infiltrations into the liver, kidney, and some other organs. The authors 
reported that, as the experiment progressed, treated animals developed hepatomas, bile duct 
adenomas, renal adenomas and carcinomas, and Iymphosarcomas of the thymus, spleen, and lymph 
nodes; however, the only tumour and species for which they presented clear evidence of a treatment- 
related increase in incidence was for lymphatic tumours in mice ‘(Erturk et a/., 1982). It is not clear 
from these reports which tumours each Species developed or the dose levels associated with the 
observed effects, as well as other experimental details. 

9.4 Chronic Toxicity/Carcinogenicity 

9.4.1 Chronic (Non-neoplastic) Toxicity 

The effects seen following chronic exposure to HCB are similar to those in subchronic studies. 
In general, effects are observed at lower doses in chronic studies, although there is considerable 
overlap in the effect levels for subchronic and chronic exposures. Virtually all of the chronic investig- 
ations of HCB toxicity have been conducted on rats. In these studies, the most consistent effects of 
exposure to HCB are hepatotoxic, as manifested by increased activities of various hepatic enzymes, 
often with an increase in liver weight and size, histopathological changes, and the induction of 
porphyria. Enlargement of, and histological changes in, various tissues have also been reported. 

Some of the lowest effect levels were reported in a two generation feeding study conducted 
by Arnold er al. (1985; see also Arnold and Krewski, 1988) to investigate the chronic toxicity in rats 
of i_r_1_ m and oral exposure to analytical grade HCB. Groups of 40 or more male and female 
Sprague-Dawley rats were fed, from weaning, diets containing 0, 0.32, 1.6, 8. or 40 mg HCB/kg feed. 
Using body weight and consumption data at various stages of the study (U.S. EPA, 1985), the 
time-weighted average doses received by the male rats were estimated to be 0, 0.01 , 0.05, 0.27, and 
1.39 mg/kg b.w./day, respectively, and by female rats 0, 0.01, 0.07, 0.35, and 1.72 mg/kg b.w./day, 
respectively (California Department of Health Services, 1988). After 3 months, the F0 rats were bred 
and 50 F1 pups of each sex were randomly selected from every group. Fo animals were killed when 
the F1 animals were weaned. From weaning, the F1 animals were continued on the same diet as their 
parents for their lifetimes (130 weeks). There were no treatment-related effects on growth, food 
consumption, haematological parameters, or survival in either generation. Increased heart and liver 
weights were found in the F0 males ingesting diets with 8 and 40 mg HCB/kg feed (0.27 and 1.39 
mg/kg b.w./day, respectively). Histopathological changes in the F1 generation included significant 
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increases at 8 and 40 ppm HCB (0.27-0.35 and 1.39-1.72 mg/kg b.w./day, respectively) in the 
incidence of centrilobular basophilic chromogenesis of the liver in both sexes and of chronic nephrosis 
in males at the highest dose, and significant dose-related trends in the incidences of non-neoplastic 
lesions in the liver, kidneys, adrenals and uterus. No adverse effects were reported in rats exposed 
to 0.32 and 1.6 mg HCB/kg feed (0.01 and 0.05-0.07 mg/kg b.w./day. respecfivelvl. although there 
were sporadic differences in haematological parameters in F0 males that were statistically significant 
but not dose-related. There were also significant but not clearly dose-related increases in F1 males in 
the incidence of peribiliary Iymphocytosis, for which the incidence was also high in controls. The 
neoplastic effects observed in this study are discussed in the next subsection. 

Arnold et al. (1985) also performed a single-generation lifetime (119 weeks) feeding study in 
groups of 50 weanling Sprague-Dawley male rats, in which dietary levels of vitamin A and HCB 
(analytical grade) were varied. Rats were fed 0 or 40 mg HCB/kg feed, 1/10 or 10 times the vitamin 
A content of the control diet, 1/10 vitamin A + 40 mg HCB/kg feed, or 10 times vitamin A + 40 mg 
HCB/kg feed. After 25 and 49 weeks of exposure, five animals from each group were killed and 
examined haematologically and histologically; remaining animals were killed at the end of exposure. 
No consistent significant differences were observed in haematological parameters or in the incidence 
of pathological lesions between the test groups. 

Female rats have been more sensitive than males to the porphyric effects of chronic exposure 
to HCB. In an early study, Grant et al. (1974) reported the effects of analytical grade HCB on groups 
of 6 male and 6 female Sprague-Dawley rats fed diets containing 0, 10, 20, 40, 80, or 160 mg HCB/kg 
feed for 9-10 months. Reduced weight gain and porphyria were observed only in females receiving 
80 or 160 mg HCB/kg feed. A dose-related increase in relative liver weights and in the hepatic content 
of HCB was noted in both sexes. Hepatic enzyme activities and cytochrome P-450 levels were 
increased in males administered 40 mg HCB/kg feed or more. Exposures to 10 mg HCB/kg feed and 
above (roughly 0.5-0.6 mg/kg b.w./day (NIOSH, 1985)) induced in viva mixed function oxidase 
activity, as indicated by reductions in sleeping times for pentobarbital and zoxazolamine exposure. 

Ultrastructural changes have been observed at extremely low doses in some studies. Dietary 
exposure to apparently pure HCB for 3-12 months produced Ultrastructural changes in the livers of 
Sprague-Dawley rats, including proliferation of smooth endoplasmic reticulum, altered mitochondria, 
and increased numbers of storage vesicles (Mollenhauer et a/., 1975, 1976). These effects were 
evident with exposure to 5 ppm in diet (roughly 0.25-0.30 mg/kg b.w./day (NIOSH, 1985)), but not 
at 1 mg HCB/kg feed (0.05-0.06 mg/kg b.w./day). In a study by Boger et al. (1979), oral admin- 
istration of 2, 8, or 32 mg HCB/kg b.w. (>99.8% pure) to female Wistar rats twice weekly for 203 
days (0.57, 2.3 or 9.1 mg/kg b.w./day) resulted in hepatocellular enlargement, proliferated smooth 
endoplasmic reticulum, increased glycogen and porphyrin deposits, and enlarged mitochondria, but 
these effects were not seen at a lower dose (0.5 mg/kg b.w. twice weekly, or 0.14 mg/kg b.w./day). 

In addition to the hepatotoxic effects of HCB, the lung may also be a target organ, although 
at higher doses. Kitchin et al. (1982) fed groups of female Sprague-Dawley rats diets containing 0, 
80, 100, 120, or 140 mg/kg feed (0, 4, 5, 6, or 7 mg/kg b.w./day (NIOSH, 1985)) of HCB (purity > 
99%) from weaning through two successive litters (approximately 28 weeks). Although clinical signs 
of maternal toxicity were not observed, increased numbers of intraalveolar foamy histiocytes and 
hypertrophy and proliferation of the lining endothelial cells of pulmonary venules were seen in the lungs 
of dams exposed to HCB. Kimbrough and Linder (1974) reported pulmonary degeneration and fibrosis, 
and macrophage accumulation in alveoli, in rats exposed to 100 mg/kg technical HCB (minimum purity 
93%) in the diet for 4 months (roughly 5 mg/kg b.w./day (NIOSH, 1985)). 

Long-term studies in which other endpoints or species have been examined are limited in 
number. Male rats administered 800 mg HCB/kg feed (purity not specified) in the diet (corresponding 
to an estimated dose of 48 mg/kg b.w./day, NIOSH, 1985)) for 20 weeks had significantly decreased 
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nerve conduction velocity (Sufit et'a/., 1986). Daily oral doses of 110 pg of HCB (purity >99.9%) to 
rhesus monkeys (roughly 0.02-0.03 mg/kg b.w/day, based on reponed body weights) for 550 days 
did not affect levels of urinary porphyrins, serum glutamate oxaloacetate transaminase, serum 
glutamate pyruvate transaminase, serum lactate dehydrogenase, or hepatic cytochrome P-450 (Rozman 
et a/., 1978). Hansen et al. (19793) reported histological alterations in the pancreas and duodenum 
of some female pigs fed diets containing 20 mg/kg feed (0.5 mg/kg b.w.lday) of HCB (purity > 99.5%) 
throughout gestation and nursing (5-6 months), but considered these findings uncertain because of 
their low incidence and the small numbers of exposed animals (5/group). 

Bleavins et al. (1984a) examined the biochemical effects of chronic exposure to HCB in various 
regions of the brain of mink and EUropean ferrets. Groups of 10 females and 3 males of each species 
were fed diets containing 0, 1, 5, 25, 125 or 625 mg HCB/kg feed (purity not indicated) for 47 weeks. 
The two highest doses resulted in 100% mortality in both mink and ferrets. Serotonin concentrations 
in the hypothalamus were significantly increased in female mink at 1, 5 and 25 mg HCB/kg feed. 
Females were mated to males in their respective groupings; survival of kits from the 25 mg HCB/ kg 
feed group was poor, but in mink kits exposed to concentrations in the maternal diet of 1 and 5 mg 
HCB/kg feed i_n_ mere and during lactation, hypothalmic dopamine concentrations were significantly 
depressed. Assuming a feed consumption of 155 g/kg b.w.lday (Aulerich, 1991), the 1 mg HCB/kg 
in diet would correspond to a dose of 0.16 mg/kg b.w.lday). There were no effects of HCB exposure 
on the levels of these substances in the brain of ferrets. 

In carcinogenicity bioassays with rats, mice and hamsters, a limited range of other endpoints 
have been examined. The adverse effects of HCB on the liver, kidney and lymphatic system of test 
mammals have been confirmed in these studies. These results are presented in the following 
subsection. 

9.4.2 Carcinogenesis Bioassays 

The carcinogenicity of HCB has been assessed in several bioassays in rats, mice and hamsters ' 

(Appendix C - Table 2). The following discussion is limited principally to the four studies in which 
‘ adequate numbers of animals of both sexes were exposed for a sufficient length of time to more than 
one dose level (Cabral et a/., 1977; Cabral er al., 1979; Lambrecht et al., 1983a,b; Arnold et al., 
1985). . 

Experimental evidence of the carcinogenicity of HCB was first provided by Cabral et al. (1977; 
see also Cabral and Shubik, 1986), who reported a statistically significant increase of 'liver cell 
tumours (hepatomasl' in groups of 30-60 male and female Syrian golden hamsters fed 50, 100, or 200 
mg/kg (4, 8, or 16 mg/kg b.w.lday) HCB (purity >99.5%) in their diets for life. Survival (both sexes) 
and weight gain (males) were reportedly reduced at 200 mg/kg, though quantitative data were not 
provided. The incidence of 'hemangioendotheliornas" of the liver was significantly increased in both 
sexes at 200 mg/kg and in males at 100 mg/kg, and alveolar adenomas of the thyroid were 
significantly increased in males at 200 mg/kg. The authors reported that three of the hepatic 
'hemangioendotheliomas' (which are benign by definition), metastasized. There were significant dose 
related trends for all three tumour types (U.S. EPA, 1985). The authors also reported that there was 
a. dose-response relationship in the multiplicity and latency period for tumours (not clear if for all 
tumours combined). -

_ 

HCB (purity > 99.5%) was administered in the diet of groups of 30 or 50 outbred male and female 
Swiss mice at concentrations of 0, 50, 100, and 200 mg/kg for 120 weeks (Cabral et a/., 1979; 
Cabral and Shubik, 1986). These levels are equivalent to doses of O, 6, 12, and 24 mg/kg b.w.lday, 
based on data on average body weight and food consumption (U.S. EPA, 1985). Lifespans were 
shortened after 30 weeks in animals fed 200 mg/kg HCB. This reduced survival was associated with 
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tremors and convulsions. After 50 weeks, Survival was reduced in all dosed groups. At 200 mg/kg 
at 90 weeks, 4% (2/50) of the males and none of the females survived, compared to Survival rates 
of 50% for control males and 48% for control females. The rate of body weight increase was 
reportedly reduced in dosed females (at 50 and 200 mg/kg) and males (at 100 and 200 mg/kg), though 
quantitative data were not provided. The effect of mortality in the treated groups was compensated 
for by designating the number of animals at risk to be the number surviving at the time of first 
appearance of any tumour in that group. In females exposed to 200 mg/kg, a statistically significant 
increase in the incidence of 'liver cell tumours (hepatomas)' was noted; 'hepatomas' were also 
elevated, although not significantly, in males at this dose and in both sexes at 100 mg/kg. The U.S. 
EPA (1985) reported a significant dose-related trend for both sexes. The incidence of 'hepatcmas' 
for both sexes showed a dose dependency not only in the number of tumour-bearing animals but also 
in the latent period, and in multiplicity and size of tumours. At 100 and 200 mg/kg, the incidence of 
lymphomas and lung tumours was higher in the control groups of both sexes than in the treated groups 
(these data are not presented in Appendix C - Table 2). U.S. EPA (1985) noted that this reduction may 
be partly explained by the reduced survival of the groups exposed to higher doses, but this does not 
explain the reduction in lung tumours in the 50-mg/kg group, in which survival was similar to that of 
controls at 50 weeks. 

Arnold et al. (1985; see also Arnold and Krewski, 1988) investigated the potential 
carcinogenicity to rats of i_r1 utero, lactational, and oral exposure to analytical grade HCB. Groups of 
40 or more weanling male and female Sprague-Dawley rats were fed diets containing 0, 0.32, 1.6, 8, 
or 40 mg/kg feed analytical grade HCB. Using data on body weight and food consumption at various 
stages of the study reported by the U.S. EPA (1985), the time-weighted average doses received by 
the treated male rats were calculated to be 0.01, 0.05, 0.27, and 1.39 mg/kg b.w.lday and by treated 
female rats were 0.01 , 0.07, 0.35, and 1.72 mg/kg b.w.lday (California Department of Health 
Services, 1988). After 3 months, the F0 rats were bred and 50 F1 pups of each sex were randomly 
selected from every group. From weaning, the F1 animals were continued on the same diet for their 
lifetimes (up to 130 weeks). In exposed F1 females, increased incidences of neoplastic liver nodules 
and adrenal phaeochromocytomas (not specified whether benign or malignant) were noted at the 
highest dose. Significant linear trends in the incidence of adrenal phaeochromocytomas in both sexes 
and adrenal cortical adenomas in females were also reported. A significantly increased incidence of 
parathyroid adenomas was noted in males receiving 40 mg/kg HCB in diet, and there were significant 
dose-related trends in the incidence of these tumours in both males and females. 

The results of the previous bioassay are of interest in view of the negative results of a study 
conducted by the same investigators in which males of the same strain of rats (Sprague-Dawley) were 
fed for 119 weeks, diets containing the highest concentration of HCB administered above (40 mg/kg) 
(Arnold et el., 1985). (n this study (which was primarily designed to investigate effects of concomitant 
exposure to HCB and vitamin A deficiency or supplementation), there were no increases in the 
incidences of neoplastic lesions in the group for which the vitamin A content was similar to that for 
controls, indicating the probable higher sensitivity of the multigeneration carcinogenesis bioassay. 

in a study by Lambrecht er al. (1983a,b; Peters et al., 1983, cited in U.S. EPA, 1985; Ertfirk 
et al., 1986), reported in summary form only, groups of 94 weanling Sprague-Dawley rats were fed 
diets containing 75 and 150 mg/kg of HCB (purity >99.5%)(calculated by U.S. EPA (1985) to be 
equivalent to 4 and 8 mg/kg b.w.lday for males and 5 and 9 mg/kg b.w.lday for females, respectively, 
based on detailed data on food consumption and body weight) for up to two years. A control group 
received a diet without HCB. The study design included interim sacrifices of four rats at 0, 1, 2, 3, 
4, 8, 16, 32, 48, and 64 weeks. Body weights were reportedly not affected by exposure to HCB until 
the final stages of the study, although no data were provided. Statistically significant increases in the 
incidence of 'hepatomas/hemangiomas' were noted at both doses in animals of both sexes surviving 
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beyond 12months. lncidences of hepatocellular carcinomas and bile duct adenomas/carcinomas were 
also elevated in females. Increases in the incidence of renal cell adenomas were significant at both 
doses in both sexes. In female rats, significant increases in the incidences of adrenal cortical 
adenomas at 75 mg HCB/kg feed and phaeochromocytomas (not specified Whether benign 0r 
malignant) at both doses were also reported in reviews of this study (US. EPA, 1985; California 
Department of Health Services, 1988). Lambrecht et al. (1983b) also reported a generalized leukemia 
il’IVOIViW the thymus, spleen, liver, and kidney in HCB-exposed rats, but did not present any 
quantitative data. Females were more susceptible to the hepatocarcinogenic effects of HCB than 
males, while the reverse was true for renal tumours. It has been noted that animals may have been 
exposed by inhalation to HCB in this study since it was incorporated into the diet in a powdered form 
(U.S. EPA, 1985). 

In another well conducted bioassay in which multiple doses were administered to small groups 
(n =35) of male ICR mice, there were no increases in the incidence of tumours, though centrilobular 
hypertrophy of the liver was observed in most exposed animals (Shirai et al., 1978). However, the 
period of administration and the administered doses (10 and 50 mg HCB/kg feed) were less than that 
in the study by Cabral er al. (1979) in which hepatic tumours in Swiss mice were observed. 

In other more limited bioassays, the neoplastic effects of HCB have been confirmed. High 
incidences of liver tumours have also been reported in single dietary concentration studies with very 
small groups of females of three strains of rats (Smith and Cabral, 1980; Smith et a/., 1985). In one 
strain (Fischer 344), some hepatocellular carcinomas were observed (Smith et a/., 1985). 

Mice are somewhat less sensitive to the carcinogenic effects of HCB than other rodents. Liver 
tumours were significantly increased in mice at 24 mg/kg b.w.lday (Cabral et 8/., 1979), while rats 
developed these tumours at 6-8 mg/kg b.w.lday (Smith and Cabral, 1980), and in hamsters, doses of 
4 to 16 mg/kg b.w.lday produced tumours in the liver and thyroid (Cabral et a/., 1977). Doses that 
yielded 10-16% incidences of liver tumours in mice produced much higher incidences in rats and 
hamsters (Cabral er a/., 1977; Smith et a/., 1985; Erturk et al., 1986). 

Results from a number of studies indicate that HCB is a cocarcinogen or promoter of cancer. 
Shirai et al. (1978) reported that in rats administered a diet containing 50 mg/kg 99.9% pure HCB and 
250 mg/kg polychlorinated terphenyl (PCT), HCB enhanced the induction of liver tumours by PCT 
alone. Mice given a single injection of iron and subsequently exposed to 0.01% HCB (analytical grade) 
in diet for up to 18 months developed advanced hepatic hyperplastic nodules (100% incidence) and 
hepatocellular carcinomas (90%), while no tumours were seen in animals that received HCB or iron 
alone (Smith et a/., 1989). Exposure to analytical grade HCB (0.02%) in diet for 30 weeks promoted 
the development of hepatocellular carcinomas and hepatic gamma-glutamyltranspeptidase (GGTase)- 
positive foci in rats of both sexes following initiation by diethylnitrosamine (DEN) (Stewart et a/., 
1989). These effects were similar for both sexes, in contrast to the hepatotoxic and porphyrinogenic 
effects of HCB (Smith et a/., 1985; Arnold et a/., 1985; Erturk et a/., 1986), and the development of 
GGTase-positive foci in HCB-exposed rats in some other tests, which are more pronounced in females 
than in males (Pereira et al., 1982; Manson and Smith, 1984; but see Herren-Freund and Pereira, 
1986). Short-term exposures (<1 day) of Sprague-Dawley rats to sublethal doses of HCB produced 
a 1.3-fold increase in ornithine decarboxylase activity (a marker for promotion) (Kitchin and Brown, 
1989). 

In summary, in the four studies in which HCB was administered at multiple dose levels to 
adequate numbers of animals of both sexes for a sufficient length of time, there were increases in 
hepatomas in hamsters (Cabral et a/., 1977). mice (Cabral er a/., 1979) and rats (Arnold et al., 1985; 
Lambrecht et al., 1983a; Erturk et a/., 1986) (The incidence of hepatomas in the control groups in 
all of these studies was zero). In addition, there were increases in adenomas of the thyroid in hamsters 
(Cabral et a/., 1977) and tumours of the kidney, bile duct (Lambrecht et al., 1983a,b). parathyroid 
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(Arnold et al., 1985) and adrenal glands (Arnold er al., 1985; additional results from Lambrecht et al. 
cited as Peters et al., 1983 in U.S. EPA, 1985) in rats. Tumour pathology was inadequately reported 
in several of these studies (i.e., incidence of 'liver cell tumours" or 'hepatomas' (presumed to be 
benign) only, presented (Cabral et al., 1977; Cabral er al., 1979)). It was also not specified whether 
adrenal phaeochromocytomas in rats were benign or malignant, although these neoplasms are most 
often benign (Peters et al., 1983, cited in U.S. EPA, 1985; Arnold et al. 1985). The remainder of the 
tumours observed in hamsters and rats were principally benign (including adenomas of the thyroid in 
hamsters (Cabral er al., 1977), adenomas of the parathyroid and hepatic neoplastic nodules in rats 
(Arnold er al., 1985) and renal cell adenomas, hepatomas/hemangiomas, bile duct adenomas (although, 
as noted in Appendix C - Table 2), the reporting of data on bile duct tumours is somewhat unclear), 
and adrenal cortical cell adenomas in rats (Lambrecht et al. 19833,b; Peters et al., 1983, cited in U.S. 
EPA, 1985; Ertfirk er al., 1986). 

However, significant increases in hepatocellular carcinomas in rats were also observed in one 
study (Lambrecht er al., 19833; Ertt'irk et al., 1986). In addition, there were other malignant tumours 
which, while evidently not significantly increased, were only observed in treated animals, including bile 
duct carcinomas (Lambrecht er al., 1983a; Ertfirk et al., 1986), and renal cell carcinomas (Lambrecht 
er al., 1983b; Ertfirk er al., 1986). Lambrecht er al. (1983b) also reported a generalized leukemia 
involving the thymus, spleen, liver, and kidney in HCB-exposed rats, although they did not present any 
quantitative data. Cabral er al. (1977) also reported metastases of three of the 'hemangio- 
endotheliomas" (which are, by definition, benign) observed in hamsters. It seems likely, therefore, that 
these tumours were probably malignant, though misclassified. 

In two of the critical bioassays, there was a dose-response relationship between exposure to 
HCB and tumour incidence (Cabral er al., 1977; Lambrecht et al., 1983a, 1983b), and in the other two 
there was a significant increase at the highest dose only (Cabral et al., 1979; Arnold at al., 1985). 
Moreover, in two of the studies, there were dose-related trends in tumour latency and multiplicity 
(Cabral er al., 1977; Cabral et al., 1979). In several of the studies, increases in tumour incidence were 
observed at doses which were not clearly toxic in other respects (Cabral er al., 1977; Lambrecht et 
al., 1983a,b; Ertflrk et al., 1986), though effects on body weight gain and Survival were inadequately 
reported in two of the bioassays (Cabral er al., 1977; Cabral er al., 1979). 

9.5 Mutagenicity and Related Endpoints 

HCB has not been genotoxic in most studies conducted to date. HCB did not cause either 
frameshift or base pair substition mutations in Salmonella typhimurium at doses of as much as 10 
mg/plate with or without metabolic activation, with both rat and hamster liver activation systems, pre- 
incubation and plate incorporation methods, and technical and 99.9% pure HCB (Haworth et al., 1983; 
Garski er al., 1986; Siekel et al., 1991 ). An unconfirmed positive response in 2 of 3 experiments with 
S. typhimurium strain TA98 at 50 and 100 pglplate of analytical grade HCB was reported by 
Gopalaswamy and Aiyar (1986). However, the authors also reported mutagenic activity for lindane, 
in contrast to the results of other studies (eg. Haworth er al., 1983). Doses of up to 1000 pglplate 
of technical HCB did not induce tryptophan reversion or DNA damage in Escherischia coli strains WP2 
and WP2uvrA with or without metabolic activation (Siekel et al., 1991 ). 

There have been reports of mutagenic activity for HCB in eukaryotic cells in vitro, but the 
validity of these findings is questionable. Guerzoni et al. (1976) reported .a positive finding for 
methionine reversion in Saccharomyces cerevisiae strain 632/4 exposed to HCB, but Brusick (1986) 
did not consider the observed increase to meet current standards of a positive response. In addition, 
only a single dose level was used in that study, and there was no exogenous metabolic activation. 
Kuroda (1986) reported that in cultured Chinese hamster lung cells (V79), HCB (purity not reported) 
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did not induce OUA' mutations, but did induce 8AG' mutations. However, both the magnitude of the 
increase (which was small, roughly 1/105 survivors at the two highest doses) and uncertain dose- 
response indicate that this response is open to question. 

Oral administration of HCB to male rats for several days failed to induce dominant lethal 
mutations in two different studies (Khera, 1974; Simon et al., 1979), although Simon er al. did observe 
a slight reduction in male reproductive performance (numbers of females inseminated and 
impregnated). 

HCB has also not been clastogenic in the limited available studies in which this endpoint has 
been examined. Pure HCB (99.9%) did not increase the frequency of sister chromatid exchanges in 
the bone marrow of male mice given as much as 400 mg/kg b.w., although the lack of detail in 
reporting the test protocol and results limits the interpretation of this study (Gerski er a/., 1986). HCB 
(purity not specified) did not induce chromosomal aberrations in virra in cultured Chinese hamster 
fibroblast cells at concentrations as high as 12 mg/mL, with or without metabolic activation (lshidate. 
1988), or in human peripheral blood lymphocytes exposed to up to 1X10‘ mol/L (Siekel er a/., 1991 ). 
Treatment of rats with 0.1% HCB (99.5% pure) in diet for 15 days was hepatotoxic, but did not cause 
early diploidization in hepatocytes as measured by flow cytometry (Rizzardini er al., 1990). 

The results of less specific assays also indicate that HCB does not interact strongly with DNA. 
Stewart and Smith (1987) reported that covalent binding of HCB to DNA from isolated rat hepatocytes 
was <9.9X10"% of the substrate, which the authors considered to be significantly lower than 
expected for hepatocarcinogens. Short-term exposures (<1 day) of rats to oral doses of 700 or 1400 
mg/kg b.w. of HCB (purity not reported) (Kitchin and Brown, 1989) or to as much at 300 mg/kg b.w. 
i.p. of 99.9% pure compound (Gdrski et a/., 1986) did not cause hepatic DNA damage, as measured ‘ 

by alkaline elution. '
' 

9.6 Reproductive and Developmental Toxicity 

9.6.1 Reproductive Effects 

In recent studies canducted by the Canadian Department of National Health and Welfare, 
extremely low doses of HCB have affected the reproductive tissues in female monkeys. Oral exposure 
of groups of 4 cynomolgus monkeys to 0.1 mg HCB/kg b.w./day (>99% pure, in gelatin capsules) for 
90 days caused degenerative ultrastructural changes in the ovarian surface epithelium (including 
stratification of cells, reductions/alterations in various organelles, swelling of the rough endoplasmic 
reticulum, and increased number of Iysosomes) (Babineau er a/., 1991), and in the follicular cells, 
ovarian follicles and the developing ovum (including increased number of lysosomes and thickening of 
the basal lamina)(Singh er al., 1990a). More severe ultrastructural alterations were observed in animals 
receiving 1 and 10 mg/kg b.w./day (Singh et al., 1990b, 1991; Babineau et 8/., 1991). In parallel light 
microscopic investigations (Sims et a/., 1991), at the lowest dose, there was cellular hypertrophy and 
a change to columnar shape, and small lipid inclusions were present. More extensive lipid 
accumulation, changes in cell shape, vaCUolation and necrosis were evident at the higher doses. In 
other studies conducted by the same research group, ultrastructural changes were also observed in 
the ovaries of rats dosed at 1.0 and 10 mg/kg b.w./day of HCB (>99% pure) for 90 days (Singh et 
a/., 19923,b). Further studies are required to establish the effects of this damage on reproductive 
performance, especially at the lowest dose. 

Slightly higher doses can affect circulating levels of reproductive hormbnes. HCB induced a 
dose-dependent suppression of serum progesterone (P,) concentrations during the luteal phase in 
cynomolgus monkeys administered 1.0 and 10 mg/kg b.w./day, but not at 0.1 mg/kg b.w./day (Foster 
er al., 19923). Serum estradiol concentrations, body weight, menstrual cycle length, and duration of 
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menses were not affected by treatment. In contrast, oral doses of 1, 10 and 100 mg/kg b.w./day of 
HCB (purity >99%) for 21 days (n =6) significantly increased the circulating levels of P. and estrogen 
compared to controls in superovulated rats (Foster et al., 1992b). These doses did not affect serum 
concentrations of estradiol, uterine weight, or weight gain. 

In an earlier study, degenerative ovarian changes involving the primary follicles, germinal 
epithelium, and stroma were reported in rhesus monkeys gavaged with 8 mg HCB/kg b.w./day or more 
for 60 days (latropoulos et al., 1976). Since the compound was administered in a 1% methylcellulose 
suspension, it is likely that absorption would have been quite low. 

Studies with a variety of species have indicated that HCB can affect male reproduction, but 
only at relatively high doses. Fourteen daily gavage administrations of 35 mg/kg b.w. of purified HCB 
in corn oil did not significantly alter male body weight, ejaCulate volume, sperm count or the 
percentage of abnormal sperm in rats for up to 7 weeks after dosing (Borzelleca and Carchman, 1982). 
Male rats receiving 5 consecutive daily gavage doses of 221 mg/kg b.w. HCB (of unspecified purity) 
in corn oil impregnated fewer females than those receiving 0 or 70 mg/kg b.w.. The percentage of 
inseminated females made pregnant was not adversely affected (Simon et al., 1979). Khera (1974) 
reported that exposure of males to up to 60 mg/kg b.w./day of HCB (in aqueous gum tragacanth) in 
a dominant lethal test did not affect the incidence of pregnancies, viable embryos or dead embryos. 
However, absorption of HCB from the aqueous vehicle used would have been quite low. In another 
study (Elissalde and Clark, 1979), mice exposed to 250 mg HCB (purity >99%) per kg feed (roughly 
30 mg HCB/kg b.w./day, NIOSH, 1985) for 21 days had reduced serum testosterone levels; based on 
the results of in vitro tests, it was suggested that this was due to increased metabolism by hepatic 
microsomal enzymes induced by HCB. Histologic changes in the testes (retarded sexual maturation) 
were noted in pigs fed a diet yielding a dose of 50 mg/kg b.w./day of pure HCB for 90 days (den 
Tonkelaar et al., 1978). 

Dose-dependent placental and lactational transfer of HCB, demonstrated in a number of species 
(Sections 8.5.2 and 8.5.4), can adversely affect both the foetus and nursing offspring. The lactational 
route appears to be more important than placental transfer. Adverse effects on suckling infants are 
generally observed more frequently, and at lower doses, than are effects resulting from in were 
exposure to HCB. 

For example, in a series of studies, Mendoza et al. (1975, 1977, 1978, 1979) fed groups of 
between 5 and 14 (depending on the study) female Wistar rats diets containing 80 mg/kg feed of HCB 
(purity 2 99.5%) (approximately 4 mg/kg b.w./day, NIOSH, 1985) from two weeks before mating until 
pups were 16 to 23 days old. HCB accumulated primarily in the liver and kidney of pups, and liver 
weights and hepatic porphyrin levels were increased (Mendoza et al., 1975). Litter size, numbers of 
live births, the gestation index, or neonatal survival were not affected (Mendoza et al., 1979). Liver 
weights and hepatic esterase activities in pups were increased by lactational exposure to HCB, both 
with and without transplacental exposures, but not by transplacental exposure alone (Mendoza et al., 
1977, 1978). 

Grant et al. (1977) conducted a four-generation study on female (20/dose level) and male (1 Oldose 
level) weanling Sprague-Dawley rats fed diets containing 0, 10, 20, 40, 80, 160, 320, or 640 mg/kg 
feed of HCB (purity > 99.5%). The two highest doses caused some deaths in the F0 dams before first 
whelping, and reduced the fertility index. Dietary levels of 160 mg/kg or more reduced litter sizes, 
increased the number of stillbirths, and adversely affected pup survival. Similar effects were seen at 
80 mg/kg after the first two generations, while 40 mg/kg was hepatotoxic to the F1, and F3, pups. A 
dietary level of 20 mg/kg (roughly 1-1.2 mg/kg b.w./day, NIOSH, 1985) was designated as the no- 
effect level. 

The effect of HCB on reproduction in rats was also studied by Kitchin et al. (1982). Groups of 10 
female Sprague-Dawley rats were fed diets containing 0, 60, 80, 100, 120, or 140 mg HCB/kg feed 
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(HCB purity >99%), and were mated after 96 days to untreated males to produce F1, and F", 
generations. Maternal weight gain, mortality, clinical signs, and fertility and fecundity were not 
affected. No terata were reported, but 21-day survival in both litters was reduced, with LOD$0 
estimates of 100 and 104 mg/kg in the maternal diets (approximately 5 mg/kg b.w.lday, NIOSH, 1985) 
for the IF" and F", generations, respectively. 

'
' 

In a study which focussed on the accumulation of HCB in relation to placental and lactational 
transfer, Linder et al. (1983) reported that exposure of Sherman rats of both sexes to 20 mg/kg of 
technical HCB (94% pure) in diet (1 .1-2.4 mg/kg b.w.lday) for 9 weeks (for F,, generation) and'25 
weeks (PW) did not adversely affect food consumption, weight gain, litter size, or the survival or 
growth of ne0nates. ' 

In a study by Arnold et al. (1985) to investigate the potential carcinogenicity of HCB (Section 
9.4), gr0ups of 40 male and female Sprague-Dawley rats were fed from weaning on diets containing 
0, 0.32, 1.6, 8, or 40 mg/kg feed of analytical grade HCB. Based on body weight and consumption 

- data at various stages of the study reported by the U.S. EPA (1985), the time-weighted average doses 
received by the male rats were calculated to be 0.01, 0.05, 0.27, and 1.39 mg/kg b.w.lday and by 
female rats were 0.01, 0.07, 0.35, and 1.72 mg/kg b.w.Iday (California Department of Health 
Services, 1988)). The exposed rats were bred at 3 months, and 50 F1 pups of each sex were 
continued on the same diet for their lifetimes (up to 130 weeks). HCB had no effect on fertility, but 
pup survival was significantly reduced in the 40 mg/kg group. 

In groups of 6 female cats fed pork cakes contaminated with HCB at 90 mg/kg feed (from pigs 
fed HCB) and 263 mg/kg (spiked) 'for 142 days (1.5 and 4.4 mg/kg b.w.lday, based on reported 
intakes and body weight from NIOSH (1985)), breeding and conception were unaffected, but HCB 
reduced average litter sizes, and mertality and relative liver weights of nursing kittens were increased 
at the highest dose (Hansen et al., 1979b). The nursing offspring of two of three rhesus monkeys 

' receiving oral doses of purified HCB (64 mg/kg b.w.lday in 1% methyl cellulose by stomach tube, for - 

60 days starting 1 to 3 months postpartum) became progressively more lethargic and eventually died. 
Dams remained healthy and active throughout the study (Bailey et al., 1980). 

Mink are particularly sensitive to the prenatal and perinatal effects of exposure to HCB. Groups 
of 10 females and 3 males of each species were fed diets containing 0, 1, 5, 25, 125 or 625 mg 
HCB/kg feed (HCB purity not indicated) for 47 weeks (several weeks prior to mating, and throughout 
gestation and nursing)(Flush et al., 1983; Bleavins et al., 1984b). The two highest doses caused 
mortality in adult mink, while litter size andthe number of live births were significantly reduced at the 
25 ppm dietary level. The offspring of mink which had been fed diets that contained 1, 5 or 25 mg/kg, 
HCB had reduced birth weights and increased mortality to weaning. Similar effects were seen in 
ferrets at either the same or higher doses than in mink. The surviving mink kits from the 1 and 5 
mg/kg groups had no significant hepatic or renal damage at 17 weeks of age, but some hepatic 
mixed-function .oxidases were induced in the 5 mg/kg group (Rush et a/., 1983). Assuming a feed 
consumption of 155 g/kg b.w.lday (Aulerich, 1991), the 1 mg/kg in diet would correspond to a dose 
of 0.16 mg/kg b.w.lday. Rush et al. (1983) could not explain the high mortality of the offspring in the 
absence of significant hepatic or renal damage, but suggested that HCB-induced immunosuppression 
may have been a factor. 

Bleavins et al. (1984b) also reported the results of a cross-fostering study involving females 
fed diets containing 0 or 2.5 mg HCB/kg feed thoughout pregnancy and lactation. Mortality to 
weaning was higher in kits exposed to HCB only via nursing (13.6%) than in controls (5%), but lower 
than in the group exposed only i_n_ gtero (22.5%) or through combined i_n m and lactational exposure 
(20.5%). _ 
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9.6.2 Developmental Effects 

The developmental toxicity of HCB has been studied in rats, mice and rabbits. Although the 
number of studies is limited, the available data indicate that HCB is not a potent developmental 
toxicant. The skeletal and renal abnormalities which have been reparted were not clearlY fe'ated to 
treatment, or occurred at doses which were also maternally toxic. 

The possibility that HCB is teratogenic was originally suggested from a study in which cleft 
palate, eye anomalies and renal agenesis (incomplete development) were observed in the offspring of 
C57Bl/6 mice administered 500 mg/kg b.w. of pentachloronitrobenzene (PCNB) by gavage in 9:1 corn 
oilzacetone on days 7-11 of gestation (Courtney et al., 1976). No information on maternal toxicity was 
presented. These deformities were linked to HCB, present as a contaminant at a concentration of 
11%. No abnormalities occurred in CD rats exposed to this dose. Subsequently, 100 mg/kg b.w. of 
HCB (>99% pure) was administered alone to CD-1 mice, resulting in a significant increase in the 
incidence of abnormal foetuses per litter. Some cleft palates were produced but they all occurred in 
one litter. One case of renal agenesis was reported. This dose also increased maternal liver-to-body 
weight ratios and decreased foetal body weights. 

In a number of studies summarized by Andrews and Courtney (1986), combined in m and 
lactational exposure of CD-1 mice and CD rats to >99% pure HCB (mouse dams received 10 or 50 
mg/kg b.w./day by gavage in corn oil, and rats 10 mg/kg b.w./day, during different periods of 
gestation) resulted in increases in body weight and kidney weights of pups of both species, along with 
enlarged kidneys and a few cases of hydronephrosis. Rat pups also showed increased liver weights. 
Occurrence of abnormal kidneys was sporadic with no dose-response relationship in studies with mice. 

Khera (1974) studied the developmental toxicity of HCB in Wistar rats receiving single daily 
doses of O, 10, 20, 40, 60, 80, or 120 mg/kg b.w. of analytical standard HCB by gavage on Days 6-9, 
10-13, 6-16, or 6-21 of gestation. The two highest doses resulted in a significant increase in the 
incidence of unilateral or bilateral 14th rib in litters, but maternal toxicity (loss of body weight, 
neurological effects) and reduced foetal weights were noted in animals in these groups. In this study, 
60 mg/kg b.w./day was reported to be the NOEL (U.S. EPA, 1984). 

Villeneuve et al. (1974) dosed rabbits with HCB (purity 299.5%), by gavage in corn oil) at O, 
0.1 , 1.0 or 10 mg/kg b.w./day on days 1 to 27 of pregnancy. None of these doses affected maternal 
body weight gain or organ weights, or foetal body weights, liver weights, brain weights or litter size. 

9.7 lmmunotoxicity 

Studies of the immunotoxic effects of HCB have been reviewed by Vos (1986). In general, the 
results of these studies indicate that HCB is an immunotoxin, producing histopathological changes in 
lymphoid organs, and altering measures of immune function in rats and mice. In some cases these 
effects occur at doses that do not cause overt toxicity, perhaps reflecting the fact that the absorption 
and transpon of oral doses of HCB occurs mainly through the lymphatic system, with only minor 
transport occurring through the portal venous system (Section 8.5.2). 

Histopathological changes have been observed in the lymphoid organs of rats, monkeys and 
dogs exposed to HCB. ln Wistar rats fed diets containing 500-2000 mg HCB/kg feed (HCB purity 
>99.5%) (roughly 30-120 mg/kg b.w./day, NIOSH, 1985) for 3 weeks, immune effects included 
lymphocytic hyperplasia in the spleen, and a proliferation of high endothelial venules in the lymph 
nodes (Vos er al., 1979). In rats fed diets containing 60-140 mg/kg of HCB (roughly 3-11 mg/kg 
b.w./day, based on NlOSH, 1985, or data supplied in paper) over approximately 4 to 6 months, 
changes in pulmonary lymphoid tissue were seen as accumulations of macrophages and mast cells in 
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alveoli of dams or their offspring, and/or proliferation and hypertrophy of endothelial cells in pulmonary 
venules (Kimbrough and Linder, 1974; Goldstein er a/., 1978; Kitchin er al., 1982). Iatropoulos et al. 
(1976) reported thymic cortical atrophy. accompanied by hyperplasia of reticular cells, macrophages, 
plasma cells and lymphocytes, in rhesus monkeys administered 32-128 (mg) HCB/k9 b-W-IdaY bY 
gavage in 1% methylcellulose for 60 days. Gralla et al. (1977) observed nodular hyperplasia of gastric 
lymphoid tissue as the most frequent treatment-related effect on groups of 6 male and female beagle 
dogs fed gelatin capsules containing HCB to yield doses‘ of 0, 1, 10, 100 or 1000 mg/day of HCB 
(99.9% pure) for 1 year. The severity of lymphoid hyperplasia exceeded that of controls even in the 
1 mg dose group (equivalent to a dose at the start of the experiment of roughly 0.12 mg/kg b.w.lday 
(ATSDR, 1990). 

Immune functional responses have been examined in rats, mice and cats exposed to HCB. In 
general, HCB has enhanced the cell-mediated immunity and humoral immunity in rats, while in mice 
these responses and host resistance are suppressed (V05. 1986). 

In a series of studies with \Mstar rats summarized by V05 (1986), humoral immunity, and to 
a lesser extent cell-mediated immunity, were enhanced by several weeks exposure to HCB in diet, 
while macrophage function was unaltered. In these studies, the developing immune system was 
particularly sensitive to the effects of HCB. In rat pups exposed to 4 mg/kg of HCB (purity >99.5%) 
in maternal diet (corresponding to a maternal exposure of approximately 0.2 mg/kg b.w.lday (NIOSH, 
1985)) during gestation, through nursing, and then in their own diet to 5 weeks of age, the humoral 
response (primary and secondary lgM and IgG response to tetanus toxoid) was significantly increased, 
as was cell-mediated immunity (delayed-type hypersensitivity to ovalbumin) Macrophages accumulated 
in lung tissue. Host resistance to Trighinella Ms infection and natural killer cell activity in the spleen 
were not affected. Concentrations of HCB of 20 and 100 mg/kg in diet yielded similar results in 
immune function tests, as well as proliferative changes in lung and lymph nodes, and increases in 
serum lgM levels and peripheral basophilic granulocyte counts at the highest dose (Vos er a/., 1983). 
More recent studies in various strains of rats receiving higher doses confirm that the lymphoid tissue 
in lung is a target for the immunotoxic effects of HCB, and indicate that HCB may impair pulmonary 
cellular defences against infection (Sherwood er al., 1989; Van Loveren et 8]., 1990). 

In contrast, HCB has been immunosuppressive in most studies with mice (V03, 1986). 
Exposure of mice to 167 mg/kg of pure HCB in the diet (approximately 20 mg/kg b.w.lday (NIOSH, 
1985)) for several weeks depressed humoral immunity (reduced splenic plaque-forming response to 
SRBC and serum lgA levels), cell-mediated immunity (graft-versus-host activity of spleen), and host 
resistance (increased susceptibility to Salmgnglla names: LPS and to malaria) (Loose et al., 1978a. 
1978b; Silkworth and Loose, 1981 ). Mice exposed to as little as 5 mg HCB/kg diet (roughly 0.6 mg/kg 
b.w./day (NIOSH, 1985)) were more susceptible to Lei§hmanig infection (Loose, 1982) and had 
reductions in resistance to a challenge with tumour cells and in the cytotoxic macrophage activity of 
the spleen (Loose er a/., 1981). A higher dose (100 mg/kg diet) had the same effects and also 
depressed the natural killer cell activity in spleen. In contrast, V05 (1986) also summarized the results 
of an unpublished study in which mice exposed to 150 mg/kg of 97% pure HCB in diet (roughly 18 
mg/kg b.w.lday (NIOSH, 1985)) for 12 weeks had increased resistance to virus infection and tumour 
growth. 

In more recent studies, the lowering of immune function in mice exposed to HCB has been 
confirmed. The delayed-type hypersensitivity response was depressed in 45-day old Balb/C mice 
exposed to HCB (purity not specified) in utero (maternal dose of 0.5 mg/kg b.w.lday in peanut butter) 
and through nursing (Barnett et a/., 1987). Carthew er al. (1990) fed both Balb/C and immunodeficient 
athymic ’nude' mice diets containing 167 mg/kg of HCB (purity not specified)(roughly 20 mg/kg 
b.w.lday (NIOSH, 1985)), and found that HCB increased their susceptibility to liver necrosis from 
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mouse hepatitis Virus (MHV) infection, but not to murine cytomegalovirus or the pneumonia virus of 
mice. The authors attributed this difference to HCB having impaired the phagocytic activity of Kupffer 
calls, thereby permittino the MHV to infect hepatocytes directly. 

Three of six cats fed pork cakes spiked with 263 ppm of purified HCB for 142 days developed 
respiratory illness with sneezing and nasal—ocular discharge (Sidell et a/., 1979). There were no 
consistent differences between the treated cats and controls in the numbers of alveolar macrophages, 
or in the phagocytic activity or rosette-forming ability of these macrophages. 

10.0 EFFECTS ON HUMANS 
10.1 Effects on the General Population 

No information was found regarding the acute toxicity of HCB in humans. An epidemic poisoning 
reportedly occurred in 1967 in Saudi Arabia following the inadvertent incorpOration of HCB-treated 
grain into bread. However, a subsequent report of this incident revealed that endrin was the probable 
cause of the clinical symptoms (abdominal pain, nausea, vomiting, mental confusion, convulsions, and 
in a few cases, death) that were observed (Courtney, 1979). 

Numerous reviews have been published of an accidental poisoning incident in Turkey that 
occurred from 1955-1959 as a result of HCB-treated wheat grain (distributed by the Turkish 
government for planting purposes) being ground into flour and made into bread (Schmid, 1960; Cam 
and Nigogosyan, 1963; Peters, 1976; Courtney, 1979; Peters et a/., 1982; U.S. EPA, 1985: Gocmen 
er a/., 1989). 

In this incident, more than 600 cases of a condition called porphyria cutanea tarda (PCT) were 
clinically identified, and it was estimated that as many as 3000-5000 persons were affected. The 
condition developed primarily in children 4-14 years of age (roughly 80% of cases), occurring 
infrequently in adults and rarely in children under 4 years of age. In a number of reports, it has been 
suggested that males developed the condition in higher proportion than females. However, Dogramaci 
er al. (1962) demonstrated that the sex ratio was skewed in favour of males in both the affected and 
unaffected populations. The estimated dose was $0200 mg/day for a number of months before 
manifestations of the disease became apparent (Cam and Nigogosyan, 1963); the basis for this 
estimate was not presented. 

In addition to disturbances in porphyrin metabolism (excretion of porphyrins and porphyrin 
precursors was greatly increased), clinical manifestations included skin lesions, ulcerations and 
resultant scarring, inelastic and friable skin, hyperpigmentation, hypertrichosis or alopecia (in some 
cases, permanent), enlarged liver, weight loss, enlargement of the thyroid gland and lymph nodes, and 
a characteristic port wine color of the urine (from increased excretion of porphyrins). In some cases, 
osteoporosis (bone deterioration) of extremities, deformation of the fingers or toes, or arthritis were 
also noted. Exposure to direct sunlight exacerbated the syndrome. The cutaneous manifestations were 
primarily restricted to exposed body surfaces, and there were more cases during the summer. Dermal 
manifestations disappeared 20-30 days after cessation of exposure. Relapses were common, perhaps 
as a result of re-exposure to contaminated bread or redistribution of HCB following mobilization from 
body fat. 

In this incident, a disorder called 'pembe yara" or "pink sore' was described in infants of 
mothers who either had PCT or had eaten HCB-contaminated bread. These infants developed 
characteristic pink cutaneous lesions, and often had fevers, diarrhea, vomiting, weakness, convulsions, 
enlarged livers, and progressive wasting. At least 95% of these children died within a year of birth, 
and in many villages no children between the ages of 2-5 years survived during the period 1955-1960. 
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Elevated concentrations of HCB were found in the mothers’ milk. Cessation of breastfeeding slowed 
the deterioration of infants with'this disorder. ‘ 

In a 20- to 30-year follow-up study of 252 (162 males and 90 females) Turkish poisoning victims, 
neurological, dermatological, and orthopedic abnormalities still persisted (Gocmen et al., 1989). The 
health status of HCB-exposed survivors and their children was evaluated by physical examination, 
clinical chemistry including routine haematology, and analysis for porphyrins and porphyrin precursors. 
Reported neurological symptoms included weakness, parasthesia, neuritis, myotonia (muscular 
spasms), sensory shading, and occasional cogwheeling (muscular rigidity). Some individuals affected 
before puberty had small stature, small hands, and painless arthritis. Common clinical findings included 
severe scarring of the hands and face, pinched facial appearance, hyperpigmentation, hypertrichosis, 
enlarged thyroid, and in some cases, enlarged liver. Levels of porphyrins or porphyrin precursors in 
the urine and faeces of patients were not significantly higher than controls (one-tailed t-test, based 0n 
data reported in the paper), but 17 of the exposed patients were reported to have elevated levels of 
one or more of the porphyrins in excreta. Controls were not described, but in an earlier 20- to 30-year 
follow-up report by the same group of investigators (Cripps er al., 1984), controls were selected from 
those who were born either after 1961 or who had not lived in the area for the past 5 years and who 
had no history of porphyria. Milk samples collected between 1977 and 1981 from porphyric mothers 
contained elevated concentrations of HCB (mean of 0.51 mg/kg on a fat basis for 56 samples, 
compared to 0.07 mg/kg for an unspecified number of control samples from families without porphyria 
or from outside the endemic area (Peters et a/., 1982, 1987; Gocmen et a/., 1989)). Children whose 
mothers had had HCB-induced porphyria were clinically normal, and porphyrin levels in the urine and 

I 

faeces of 84 of these children were not significantly higher than those of 24 children of control 
mothers (Gocmen er a/., 1989). r 

Enriquez de Salamanca et al. (1990) speculated that exposure to HCB could be responsible for 
annual variations in the incidence of porphyria cutanea tarda (PCT) in Spain. HCB cancentrations in 
human milk fat in Spain declined from 3510 ng/g in 1977 to 1840 ng/g in 1986-87, and those in 
human adipose tissue from 5550 ng/g in 1981-82 to 2870 ng/g in 1986-87. (These milk levels are 
higher than the average concentration measured in Turkish victims with porphyria 20-30 years after 
the onset of HCB-induced PCT (Peters et a/., 1982; Gocmen er al., 1989)). From 1977 to 1982 there 
were 60-70 cases of PCT annually at the Porphyria Unit of Madrid, a figure which decreased to less 
than 25 cases from 1985 to 1988. Details of survey and analytical methodology were not reported. 

Burns and Miller (1975) reported a cross-sectional study of 86 persons from the general 
Louisiana, U.S.A., population exposed to HCB through the transport and disposal of 'hex' waste from 
chlorinated solvent production. Significantly greater HCB levels in plasma were found in 83 subjects 
from the HCB-contaminated area (3.6 ng/g) compared to 43 control subjects (0.5 ng/g). Plasma levels 
were significantly correlated with concentrations in house dust. Samples of dust from 34 homes in the 
contaminated area contained an average of 380 ng/g of HCB, compared with 20 ng/g in dusts from 
13 houses of a control area. There was no evidence of cutaneous porphyria in this population, but 
there was a significant correlation between plasma concentrations of HCB and levels of coproporphyrin 
in urine and lactic dehydrogenase (LODH) in blood. The authors questioned the validity of the assoc- 
iation between levels of HCB in blood and these clinical measures, because such associations had not 
been observed in epidemiological studies of other populations with higher exposures to HCB. 

No adequate epidemiological studies of cancer in populations exposed to HCB were found in the 
literature. In long-term follow-up of the Turkish poisoning victims (Peters et a/., 1982; Cripps et al., 
1984; Gocmen et al., 1989) there was no evidence of increased cancer incidence, although these 
studies were not designed to evaluate this endpoint. There was a high frequency of enlarged thyroids 
in the Turkish poisoning victims (27% of men and 60% of women, compared to an average of 5% in 
the area (Peters et al., 1982)), but Gocmen er al. (1989) repert that they observed no malignant 
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tumours of the liver or thyroid in 252 of the poisoning victims. ln three patients who underwent 
thyroidectomy, histopathological examination indicated that the enlargement was due to colloidal 
goitre. 

10.2 Longer-term Effects on Occupationelly-Exposed Populations 

10.2.1 Case Reports 

There are a number of case reports that workers performing tasks with direct contact with HCB 
develop porphyria cutanea tarda (PCT). confirming observations in the Turkish poisoning incident. 

Thus, four workers in Argentina whose occupation required the direct handling of HCB showed 
prominent signs of PCT with cutaneous lesions on the hands and face, hypertrichosis, and 
hyperpigmentation. The urine of one worker was found to contain increased amounts of both 
uroporphyrins and coproporphyrins, and the level of HCB in the blood was 0.383 ppm. A year after 
leaving the job (398 days in the original publication) and with treatment, the skin lesions subsided and 
the concentration in blood declined to 0.268 ppm (Mazzei and Mazzei, 1972, in Courtney, 1979). 

Similarly, one worker in a factory producing various cyclic chlorinated hydrocarbons, who was 
in contact with HCB, developed PCT (Gombos et al., 1969, in Currier et a/., 1980). Selden et al. 
(1989) recently reported a case of hepatocellular carcinoma which the authors believed to be causally 
related to occupational exposure to HCB, or other chlorinated aromatic hydrocarbons, or both. The 
65 year old male patient had been employed for 26 years in an aluminum smelting plant. Degassing 
in secondary aluminum smelting (with hexachloroethane) produces HCB, along with other chlorinated 
benzenes, chlorophenols, dibenzodioxins, and dibenzofurans. 

10.2.2 Epidemiological Studies 

In a small number of studies, the association between exposure to HCB and health effects in 
exposed workers has been investigated. In three cross-sectional studies, there has been no association 
between exposure to HCB and PCT. A single cohort study of cancer incidence and mortality in 
workers exposed to HCB is uninformative due to concomitant exposure to numerous other substances. 

In a summary report of a study of 54 workers in a factory that treated grain with HCB, 
excretion of porphyrins in the urine was increased in only one worker who had handled HCB for 25 
years (170 pg uroporphryin/24 hr, compared to a normal range of 0 to 60 tip/24 hr). There were no 
other signs of toxicity, including PCT, in this individual. Levels of HCB in blood were not determined 
in this study (Morley et a/., 1973). 

HCB-exposed workers in two cross-sectional studies did not have PCT; their exposures appear 
to have been lower than those of the Turkish poisoning victims and workers in the case reports for 
which body burdens were reported. In one study of 20 spraymen exposed to HCB-contaminated 
dimethyl-2,3,5,6-tetrachloroterephthalate (DCPA). 19/20 had detectable levels of HCB in plasma, with 
a mean value of 40 ppb, and a range from <1 to 310 ppb. Levels in blood were generally related to 
the number of years of employment in the job. There were no signs of PCT based on laboratory 
examinations of 13 to 14 of these individuals. No significant correlation was observed between levels 
of HCB in blood and urinary porphyrin excretion, or serum concentrations of glutamic oxaloacetic 
transaminase, glutamic pyruvic transaminase, or lactic acid dehydrogenase (Burns et a/., 1974). 

Currier et al. (1980) conducted a medical survey, over 4 years, of men exposed to HCB in a 
chlorinated solvents plant. Time-weighted average airborne concentrations of HCB ranged from <1-13 
ppb at various times during the study period. Mean levels of HCB in blood in the workers were 311 
ppb in 1974 (in plasma, n=50), 312 ppb in 1975 (in plasma, n=49l, 160 ppb in 1976 (in whole 
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blood, n=49), and 170 ppb in 1977 (in whole blood, n =44). Concentrations of HCB in blood were 
positively correlated with the number of years worked in the plant, but were not associated with 
airborne levels of HCB or job-category-based exposure estimates. There was no evidence of PCT, as 
indicated by personal history, physical examinations and laboratory analyses (haematologic parameters, 
blood chemistries, and urinalyses). There was no statistically significant association of levels of HCB 
in blood for any of the analyses of haematology, blood chemistry, and urinanalysis. Based on 
comparison of haematological and blood chemistry parameters for the chlorinated solvent workers and 
a matched (race, age, and duration of employment) group of polyethylene production workers not 
exposed to HCB, there were no differences which could be attributed to HCB exposure. The results 
of this study are of limited value, because the parameters studied during the 4-year period were 
analyzed by several different laboratories using different methods, and the composition of the study 
population varied from year to year. There was also potential for exposure to other substances. 
including several chlorinated solvents. 

Heldaas et al. (1989) examined the incidence of cancer and the mortality experience in a cohort 
of male workers employed in the production of magnesium metal in Norway. The cohort was 
composed of 2391 workers who had first been employed prior to 1974 for at least one year. In 
addition to magnesium, members of the cohort were exposed to coal tar and its chlorination by- 
products (mainly HCB), aluminum, zinc, asbestos, chlorine gas, carbon monoxide, sulphur dioxide, dust 
of metal oxides and chlorides, and strong magnetic fields. Cancer incidences and mortality were 
compared with that of a constructed Norwegian general population with an age distribution identical 
to that of the study group. Deaths from all causes, and the incidence of all cancers were not 
significantly increased, but the incidence of lung cancer was significantly elevated in the cohort as a 
whole (Observed:Expected = 32:18.2, RR = 1.8, 95% CL: 1.2-2.5). Adequate occupational and 
medical histories were available for 17 of these 32 cases; all smoked tobacco and had occupational 
exposure to asbestos. The excess of lung cancer mortality was also significant for those workers 
involved in the chlorination and electrolysis processes (OzE = 1517.5, RR = 2.0, 95% C.|. = 1.1-3.2). 
who would have been exposed to asbestos, chlorine gas, dust containing metal chlorides, HCB, heat, 
and strong magnetic fields. 

11.0 EFFECTS ON THE ECOSYSTEM 
11.1 Effects on Aquatic Organisms 

The available information on the acute and chronic toxicity of HCB includes data for species 
from a number of trophic levels including protozoans, algae, invertebrates and fish for both freshwater 
and marine environments. 

Since HCB is nearly insoluble in water (solubility in water at 25°C ~ 5 ,ug/L (Section 4) and 
tends to partition from water to the atmosphere, the substance disapears rapidly from open, laboratory 
test solutions. Thus, it is difficult to maintain test concentrations for sufficient time to establish 
concentration-effects profiles for aquatic organisms. Further, HCB tends to bind to suspended solids 
in the water column and thus may not be bioavailable to test organisms. 

Aquatic toxicity tests were evaluated on the basis of sensitivity of Canadian species to HCB 
while taking into account test systems that best approach environmental conditions. Although the 
flow-through system is the optimal system for evaluating t0xicity, closed-static system tests were also 
considered to be reliable. Due to the high volatility of HCB, toxicity data obtained from open-static 
systems were not considered reliable, particularly in tests where substance concentrations were not 
measured. Most of the data (>75%l presented in Tables 3 to 6 (Appendix C) used controls. Only 
those employing controls and acceptable test protocols are discussed in this section. Studies that 
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employed HCB concentrations well above its solubility limit of ~ 5 ug/L in water are reported in Tables 
3 to 6, but are not considered further in this section. 

11.1.1 Freshwater Species 

Acute Toxicity 

Acute toxicity data for HCB to freshwater fish, invertebrates and microorganisms are listed in 
Table 3 (Appendix C). In general, fish and invertebrates were found to be insensitive to HCB exposure 
at concentrations below or close to its maximum solubility in water (~ 5 yg/L). 

The alga, Selenastrum capricornutum, experienced a 50% reduction in photosynthetic rate (3-h, 
20°C) when exposed to a 30 ug/L HCB concentration (Calamari et al., 1983). The authors also 
demonstrated, for the same organism, 12% growth inhibition at a slightly lower concentration (27 
yg/L) after a 96 hour treatment at 20°C. Geike and Parasher (1976a) found that 1 pg/L HCB caused 
inhibition of growth of Chlorel/a pyrenoidosa after 46 hours in a closed-system. No NOEC was 
determined in this study. Geyer er al. (1985) found that the alga, Scenedesmus subspicatus, had a 
NOEC in growth after a 96 hour treatment at 10 ug/L HCB at (22°C). 

In a static-closed system, HCB was found to be nonlethal to rainbow trout (Oncorhynchus 
mykiss) at a concentration of 30 pg/L (measured) after exposure for 48 hours at 15°C (Calamari et al., 
1983). Similarly, no lethality was observed when largemouth bass (Micropterus salmoides) were 
exposed to a measured concentration of 25.8 pg/L HCB in a flow-through test for 10 days at 22.2- 
23.9°C (Laseter et a/., 1976; Laska et al., 1978). Lethal concentrations (50%) have been reported to 
be orders of magnitude above HCB saturation in water (U.S. EPA, 19793; 1979b). 

Several tests have been performed on the cladoceran, Daphnia magna. Neonates treated under 
static-closed conditions at an unmeasured concentration of 4.7 pg/L HCB for 48 hours experienced no 
mortality (Abernethy et al., 1986). A mixture of newly born and older adult Daphnia magna did not 
experience any mortality in a flow-through test at 5 pg/L after a 7 day exposure at 20°C (Nebecker er 
al., 1989). In a closed-static system, there were no effects on Daphnia magna after a 24h-lCm 
(Immobilization) test at a measured concentration of 30 ug/L HCB at 20°C (Calamari et al., 1983). 
Crayfish (Procambarus Clark/'1 subjected to a 24 hour renewal test (24°C) and a flow-through measured 
test (22.2-23.9°C) experienced no mortality after exposure to 5.2 pg/L (8-d) and 36 pg/L HCB (20-d), 
respectively (Laseter et al., 1976; Laska et al., 1978). 

Several studies have confirmed that there is a relatively constant body residue (2 pM/gwet 
weight) associated with acute lethality in freshwater fish, invertebrates and algae exposed to 
chlorobenzenes ranging from mono- to pentachlorobenzene (McCarty et al., 19923 and citatiOns within; 
Ikemoto et al., 1992). The expected acute LC“. critical body residue for HCB is 569.6 pg/g wet weight 
aswming that HCB operates by the same mechanism as the other chlorobenzenes (McCarty et al., 
1992b). 

Chronic Toxicity 

Table 4 (Appendix C) lists chronic toxicity data for freshwater fish, invertebrates and 
microorganisms. The data indicate that several fish, invertebrate and algal species were adversely 
affected during chronic exposures to HCB at levels below or close to its maximum solubility in water. 

Laseter et al. (1976) observed the initial stages of liver necrosis (LOEC) in largemouth bass 
(Micropterus salmoides), after a 10 day treatment at 3.5 yg/L HCB (measured concentration) (22.2- 
23.9°C) in a flow-through experiment. At a cancentration of 25.8 pg/L, the same species experienced 
damage to epithelium, muscle and pancreatic acini after a 10 day exposure and under similar 
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conditions. Fathead minnows (Pimepha/es prome/as) experienced no mortality or effects on growth 
after a 28 day exposure to 3.8 pg/L HCB (measured) in a flow-through test at 20°C (Nebecker et al., 
1989). Earlier life stages of fathead minnows investigated by Carlson and Kosian (1987) indicated that 
32-33 day embryos experienced no observable lethality or effects on growth after a 32 day treatment 
with a measured'concentration of 4.8 pg/L HCB under flow-trough conditions at 25 °C. Similarly, early 
life-stages of rainbow trout (Oncorhynchusmykiss) experienced no adverse effects on growth, survival 
or hatching at 3.68 [lg/L after exposure for 90 days. The experimental conditions used in this study 
are unknown (Spehar (1986) cited in US EPA, 1988). 

Newborn (12 hours) cladocerans (Daphnia magna) experienced a 50% reduction in fertility 
when exposed to a HCB concentration of 16 yg/L for 14 days at 20°C (Calamari et al., 1983). The 
test was conducted under closed-static conditions and the EC“ was calculated by graphic 
extrapolation. In a 24 h0ur renewal test, Laseter et al. (1976) f0und that an HCB concentration of 5 
pg/L caused hepatopancreatic damage (LOEC) to crayfish after a 10 day exposure (24°C). The lowest 
observed lethal concentration (LOLC) for the amphipod, Gammarus lacusrris, was determined by 
Nebecker et al. (1989) to be 3.3 pg/L HCB (measured concentration) after exposure for 28 days in a 
flow-through system at 20°C. However, the results indicated a weak dose-response relationship. The 
authors hypothesized that the observed mortalities were probably not due to HCB toxicity, as the 
Surviving organisms’ physical aspect and behaviour appeared healthy and normal. Nebecker et al. 
(1989) conducted flow-through studies (20°C) on to determine the effects of HCB on survival, growth 
and reproduction of the amphipod, Hya/Iela azteca, and the worm, Lumbricu/us variegatus. They 

. observed no effect on amphipods exposed to a concentration of 4.5 pg/L HCB (measured) for 30 days. 
Similar results were reported for worms exposed to a concentration of 4.7 pg/L (measured) for 49 
days. The cladoceran, Cerl'odaphnia dub/'8, experienced no effects on survival or reproduction after 
exposme to HCB at 7 pg/L for 7 days. Test conditions for this study are unknown (Spehar (1986) 
cited in US. EPA, 1988). 

Microorganisms were found to be the most Sensitive organisms to HCB. As indicated by 
measurement of growth parameters, Geike and Parasher (1976a) found that the algae, Chlorel/a 
pyrenoidosa, exhibited an increase in growth when incubated with a nominal concentration of 1 yg/L 
of HCB. ln cantrast, the protozoan Tetrahymena pyriformis, experienced a decrease in growth after 

_ 

a 10 day exposure to 1 yg/L HCB at 30°C (Geike and Parasher, 1976b). The decrease in growth was 
observed by measuring dry matter, carbohydrate and total nitrogen parameters. No attempt was made 
to determine a NOEC in either of these studies. The same organism underwent further testing by 
Geike (1978) who demonstrated an increase in enzyme activities after exposure to an unmeasured HCB 
concentration of 1 pg/L for 7 days at 30°C. Enzymes with increased activities after exposure included 
glutamic-oxaloacetic transaminase, glutamic dehydrogenase, isocitrate dehydrogenase and malate 
dehydrogenase. A dose-response relationship was observed for those enzymes up to a concentration 
of 100 pg/L. 

11.1.2 Marine Species 

Acute Toxicity 

Acute toxicity tests for HCB are summarized in Table 5 (Appendix C) for marine fish, 
invertebrate and microorganism species. - 

The sheepshead minnow (Cyprinodon variegatus) experienced no mortality after a 96 hour 
exposure to a measured concentration of 13 pg/L in a flow-through test (Parrish et al., 1974). In 
contrast, pink shrimp (Penaeus duorarum) experienced 13% mortality (LOEC) at a measured 
concentration of 7 pg/L HCB after a 96 hour exposure. No mortality was observed at 2.3 pg/L 
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(measured). Under similar experimental conditions the grass shrimp, Palaemonetes pugio, had 3 96h- 
LOEC (10% mortality) Of 17 MIL (measured) (Parrish et al., 1974). No lethality was observed at a 
measured concentration 6.1 pg/L HCB. Persoone and Uyttersprot (1975) reported a LOEC (10% 
feDrOdUCtion inhibition) Of 10 nL (nominal) when the ciliate, Eup/otes vannus, was exposed for 48 
hours at 28°C under closed-static conditions. Toxicity studies of HCB in sediment and seawater to the 
shrimp, Crangon sepremspinosa, were performed by McLeese and Metcalfe (1980). No lethality was 
observed after a 48 hour exposure to 7.2 ug/L under static-renewal conditions. Under static 
conditions, shrimp (Crengon sp.) experienced no mortality at a measured sediment concentration of 
300 pg/L (wet weight) after a 96 hour exposure. In a six day test on the marine amphipod, 
Pontopareia hayi, no mortality was observed when the organism was exposed to a mixture of 513 ng/g 
HCB and polychlorinated biphenyl congeners (Landrum et al., 1989). 

Chronic texicity 

The available chronic toxicity information for marine species exposed to HCB, which is limited 
to experiments in which HCB was injected, is presented in Table 6 (Appendix C). Although this route 
of exposure is difficult to assess in terms of environmental relevance, these studies are briefly 
discussed below. 

The gulf killifish (Fundu/us grandis) was injected intraperitoneally with a 125 pg HCB/g body 
weight in peanut oil (0.01 mL/g body weight) dosage. The fish were then held in a clear flow-through 
system for 28 days. No lethality was observed during the study (Laska et al., 1978; Laseter er a/., 
1976). 

The clam, Mercenaria mercenaria, received 500 pg of HCB in 0.1 mL of corn oil injected 
directly into the digestive gland. The clams were then returned to flow-through tanks where seawater 
was constantly cycled through sand columns impregnated with HCB for 21 days. The water was 
sampled twice weekly but data on concentrations of HCB were not provided in the study. HCB was 
found to be mildly toxic to the digestive gland as indicated by decreases in tube width and length, 
lumen length and cell height and an increase in cell width. 

11.1.3 Toxicity in Sediments 

No sediment toxicity data (e.g., spiked-sediment bioassays) are available for HCB. However, 
a number of jurisdictions (e.g., Environment Canada, Ontario Ministry of the Environment, Washington 
State Department of Ecologvl have developed approaches that estimate the levels at which HCB in 
sediment will cause effects to benthic organisms. These estimates are based on correlations between 
benthic community composition and HCB sediment concentrations in field collected samples. To 
estimate the freshwater sediment effects level, the Ontario Screening Level Concentration Approach 
was used to estimate the lowest level with potential to affect sensitive benthic organisms (Persaud 
et al., 1991 ). Using co-occurence data for sediment concentrations and benthic species collected from 
the Great Lakes, a lowest effect level of 20 ng/g HCB dry weight in sediment (normalized to 1% total 
organic carbon content) was estimated (Persaud et al., 1991). The authors further estimated that 
benthic communities would be seriously impacted at sediment HCB concentrations of 240 ng/g dry 
weight and higher (normalized to 1% total organic carbon content). For marine sediments, a similar 
approach known as the Apparent Effects Threshold (AET) approach was used to estimate the sediment 
HCB concentration above which significant effects to benthic community composition are expected 
(Tetra Tech lnc., 1986). The marine sediment AET for HCB was estimated to be 3.8 ng/g dry weight 
(normalized to 1% total organic carbon content) on the basis of co-occurence data collected from 
Puget Sound, Washington (Washington State Department of Ecology, 1990). 
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Quantitative structure-activity relationship (QSAR) have also been used to determine the 
sediment HCB level at which 95% of species in the freshwater communitv are Unlikely to be affected 
(Van Leewen et al., 1992). The OSAR-derived level for HCB was 5814 ng/g wet weight (20.4 nM/g 
in the reference) for sediments with 5% total organic carbon content. The adjusted level for sediment 
with 1% total organic carbon content (i.e., + 5) converted to a dry weight value (i.e., x 6.67) is 7756 
ng/g, which is 338 times higher than the estimated lowest effect level estimated from the co- 
occurence data described above. 

The critical body residue for aquatic biota after a chronic exposure to chlorobenzene substances 
is approximately 57.0 pg/g wet weight, based On a limited data set for mono- through 
pentachlorobenzene (McCarty, 1986). 

11.2 Effects On Birds 

The LOD5° for herring gull embryos after injection of HCB on day 4 and tallied on day 25 of 
incubation was calculated to be 4.3 mg/kg wet weight (Boersma er al., 1986). At a dose of 5 mg/kg' 
teratogenic effects (feather formation and enlarged cephalothorax) were observed, and at 1.5 mg/kg 
embryonic weight was reduced. Levels of ethoxyresorufin-o-dealkylase (EROD), and aniline 
hydroxylase activity were not significantly different between HCB treated groups (1.5, 2.23 and 5 
mg/kg) and controls. 

The acute oral LOD5° for the Japanese quail (Corurnix coturm’x japan/ca) was determined to be 
greater than 1,000 mg/kg (unpublished data cited in Vos er al., 1971). Five-day LCso values (La. 5 
days of toxic diet followed by 3 days of untreated diet) (Hill er al., 1975) were 617 mg/kg diet for 10- 
day-old ring-necked pheasants and >5,000 mg/kg for 5-day-old mallards. 

In adult Japanese quail fed 0, 1, 5, 20, and 80 mg HCB/kg-diet for 90 days, the no-effect level 
was determined to be 1 mg/kg. Increased liver weight, slight liver damage and enlarged fecal excretion 
of coproporphyrin occwred in the 5 mg/kg group. At 80 mg/kg, tremors, liver damage and mortality 
occurred. The mean egg production per female did not differ significantly at any dose. However, the 
hatchability of fertile eggs was reduced at doses higher than 20 mg/kg in diet (Vos er a/., 1971). 

In adult Japanese quail fed 0, 20, 100, 500, and 2500 mg/kg of HCB in diet for 3 months, all 
birds in the 2500 and 500 mg/kg dose groups died within one month (Vos er al. (1968) cited in Vos 
er al., 1972). All birds but one died in the 100 mg/kg group. No mortality occurred in the 20 mg/kg 
dose group, although the hatchability of fertile eggs was significantly reduced. Liver residues in the 
1, 5, and 20 mg/kg dose groups were 1.6, 14 and 71 (wet weight), respectively. 

In a similar experiment, kestrels (Fa/co rinnuncu/us) were fed 50 and 200 mg/kg-diet of HCB 
(through eating dosed mice) for 65 days. The birds in the high dose group experienced weight loss, 
ruffling of feathers, tremors, increased liver weight and decreased heart weight. Unlike the Japanese 

squail, porphyria was not observed. The low dose group experienced minor weight loss and a small 
increase in_liver weight. Liver residues were approximately 40 mg/kg (wet weight) in the low dose 
group and 450 mg/kg in the high dose group (Vos et al., 1972). 

No effects on fertility or on hatchability of eggs was observed in black Australorp laying pullets 
administered up to 100 mg/kg in the diet for 6 months (Avrahami and Steele, 1972b). No adverse 
effects on health of the pullets or their chicks were observed. The following levels of HCB residues 
were recorded in eggs after pullets had been exposed to HCIB for 26 weeks: 0.18 mg/kg in controls. 
0.65 mg/kg for 0.1 mg/kg diet, 5.0 mg/kg for 1 mg/kg diet, 55 mg/kg for 10 mg/kg diet and 450 
mg/kg for 100 mg/kg diet. 

Numerous studies have demonstrated the induction of porphyria in birds following 
- administration of HCB by various routes of exposure. In a study of Japanese quail (Corurnix corumix), 
the birds were found to respond more rapidly to the porphyrinogenic effects of HCB than mammals 
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(Buhler and Carpenter, 1986). Japanese quail were dosed orally with 500 mg/kg-bw/d for 1, 2, 5 and 
10 daYS- POTDhyria occurred in 1 of 4 birds after 5 days and in 3 of 4 birds after 10 days. Treatment 
resulted in increased hepatic microsomal protein cancentrations, and elevated activity of NADPH- 
cytochrome P-450 reductase after 10 days of exposure. Following one day of dosing, there were 
increases in the activities of aryl hydrocarbon hydroxylase (Al-(H), biphenyl hydroxylase (BPH), 
ethoxyresorufin-O-deethylase (EROD) and ethoxycoumarin-O-deethylase (5000) (Carpenter et al., 
19853). HCB induced increases in cytochrome P-450 concentration as well as changes in the types 
of cytochrome P-450 isozymes present (Carpenter et al., 1985b). 

In a similar study with Japanese quail administered 500 mg/kg~bw/day for 7 days via gelatin 
capsule, or for 10 days via intraperitoneal injection, the quail developed porphyria by 7 to 10 days. 
although the individual response varied widely. The quail accumulated hepatic uroporphyrinogen 
without any decrease in uroporphyrin decarboxylase activity, suggesting that the latter is less 
susceptible in birds than in rodents and humans (Lambrecht et a/., 1988). 

The hepatic mixed function oxidase (MFO) system is an important defense system involved in 
the biotransformation and detoxification of xenobiotic compounds. The degree of induction of this 
system is an expression of the exposure of the organism to xenobiotics. In studies of yellow-legged 
herring gulls (La/us cachinnanas), EROD levels were found to be closely related to the level of HCB in 
the liver. Levels of HCB in the liver ranged from 0.5 to 6 mg/kg (dry weight), depending on the season 
(Fossi et al., 1989). The mean level of H08 in livers of 21-day-old Herring Gull chicks from 
Newfoundland was 0.009 mg/kg (wet weight). This low level did not significantly induce the MFO 
system (Peakall et al., 1986). However, in a study of Herring Gulls on the Great Lakes, embryo liver 
residue content and total liver porphyrins were significantly correlated with the levels of three 
organochlorine compounds: HCB, PCBs and heptachlor epoxide (Gilbertson and Fox, 1977). 

11.3 Effects on Wild Mammals 

Based on a limited number of studies, the acute toxicity of HCB to wild mammals is low. The 
acute oral LODSOS for laboratOry animals are summarized in Section 9.1. The acute oral and subacute 
toxicity of HCB was also studied in two species of vole by Cholakis et al. (1981). No mortality was 
observed in adult voles given single gavage doses up to 5000 mg/kg b.w., but longer term (30 days) 
dietary LC5° values were 1,050 (female) and 1,280 (male) mg/kg b.w. for adult grey-tailed voles 
(Micrarus can/caudus). and 3,450 (female) and 3,550 (male) mg/kg b.w. for adult prairie voles 
(Microtus orchrogaster) . 

In several studies, mink (Muste/a vision) and European ferrets (Muste/a putorius furo) were fed 
diets containing 1, 5 and 25 mg HCB/kg feed. Reproductive performance was reduced in these species 
as indicated by decreased litter size, increased percentage of stillbirths, increased kit mortality and 
decreased early kit growth. In general mink were more sensitive than ferrets (Bleavins, 1983; Bleavins 
et al., 1984a; Bleavins et al. 1984b). Bleavins et al. (1984b) observed that mink kits born to dams 
consuming 1 mg HCB/kg feed were significantly smaller (p < 0.01) at birth than the controls. This 
was also seen for ferrets fed 5 mg HCB/kg in diet. In the mink fed 25 mg/kg, there was a significant 
reduction in litter size as well as a decrease in the number of kits born alive. In ferrets fed 25 mg 
HCB/kg there was a higher incidence of stillborn kits. In contrast to studies in rats with subchronic 
exposure to HCB (Section 9.3), the mink and ferrets did not show signs of porphyria. At all dose levels 
in mink there was a significant increase in hypothalamic serotoniu (5-HT) in mink and a significant 
elevation in cerebellar S-HT at 1 mg HCB/kg-diet in the ferrets. 

Similar results were obtained by Rush er al. (1983). Mink (Muste/a vison) were found to be 
sensitive to the foetotoxic effects of HCB. The offspring of male and female mink administered diets 
that contained 0, 1 and 5 mg HCB/kg for several months had increased mortality at weaning at both 
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doses, relative to the control. The surviving kits from the 5 mg HCB/kg dose group had induced mixed- 
function oxidases (i.e. hepatic cytochrome P-450 and EROD), but there was no significant hepatic or 
renal damage in surviving mink. Increased MFO activity was observed at HCB levels of 0.63 and 0.014 
mg/kg in fat and kidney of that species. 

Thus, mink and ferrets are among the most sensitive mammalian species to the toxic effects 
of HCB. 

11.4 Effects on Reptiles 

In a study by Bishop et al. (1991) on the levels of contaminants in snapping turtle eggs in 
Ontario, the incidence of abnormalities in eggs was significantly higher each year from the most 
cantaminated site (i.e. the Hamilton Harbour site, which is contaminated with a wide range of 
chemicals. including HCB) relative to the control site. Although individual contaminants measured may 
contribute to reproductive effects, no chemical could be specified as the sole contributing factor to 
toxicity. Controlled toxicity tests using snapping turtles have not been performed. 

12.0 OTHER PERTINENT DATA 
None 

13.0 CURRENT ASSESSMENTS, GUIDELINES AND STANDARDS 
The International Agency for Research on Cancer has classified HCB as a Group 23 carcinogen 

(possibly carcinogenic to humans) based on inadequate evidence for carcinogenicity to humans and 
sufficient evidence for carcinogenicity to animals (IARC, 1987). 

The U.S. Environmental Protection Agency has classified HCB in Group 82 (probable human 
carcinogen) (ATSDR, 1990).' 

The Canadian Council of Resource and Environment Ministers has recommended that, for the 
protection of freshwater aquatic life. the concentration of HCB should not exceed 6.5 ng/L ICCREM, 
1987). ’ 

14.0 ASSESSMENT of "TOXIC" UNDER CEPA 
(Refer to Assessment Report} 

15.0 RECOMMENDATIONS FOR RESEARCH AND EVALUATION 
(Refer to Assessment Report) ‘ 

NHW/DOE, June 1993



CEPA Supporting Documentation 92 
Hexachlorobenzene 

16.0 REFERENCES 

Abernethy, 8., AM. Bobra, W.Y. Shiu, P.G. Wells and D. MacKay. 1986. Acute lethal toxicity of 
hydrocarbons and chlorinated hydrocarbOns to two plankton crustaceans: the key role of organism- 
water partitioning. Aquat. Toxicol. 8: 163-174. 

ABG (Aquatic Biology Group). 1984. Pesticide and PCB levels in fish from Alberta (Canada). 
Chemosphere 13: 19-32. 

Achman, D.A., K.C. Hornbucle and S.J. Eisenreich. 1992. Volatlization of PCBs from Green Bay, Lake 
Michigan. Environ. Sci. Technol. in press. 

Agriculture Canada. 1990. Annual Report on Chemical and Biological Testing onri-Food Commodities 
during the Fiscal Year 1989-1990. Agri-Food Safety Division, Food Inspection Directorate, Food 
Production and Inspection Branch, Agriculture Canada, Ottawa. 

Ahling, B., A. Bjorseth and G. Lunde. 1978. Formation of chlorinated hydrocarbons during combustion 
of polyivinylchloride). Chemosphere 10: 799-806. 

Ahmad, N., D. Benoit, L. Brooke, D. Call, A. Carlson, D. DeFoe, J. Huot, A. Moriarity, J. Richter, P. 
Shubat, G. Veith and C. Wallbridge. 1984. Aquatic Taxicity Tests to Characterize the Hazard of 
Volatile Organic Chemicals in Water: A Toxicity Data Summary - Parts land ll. Environmental Research 
Laboratory, United States Environmental Protection Agency, Duluth, Minnesota, 111 pp. (EPA- 600/3- 
84-009). 

Albro, P.W. and R. Thomas. 1974. Intestinal absorption of hexachlorobenzene and 
hexachlorocyclohexane isomers in rats. Bull. Environ. Contam. Toxicol. 12: 289-294. 

Alves, H.H.D. and M. Chevalier. 1980. L 'hexachlorobenzene dans l'environnement québécois: 
production, utilisation etprésence. Environnement Canada, Service de la protection de l'environnement, 
Rapport d’analyse économique et technique, Division des contaminants de l'environnement, Montreal, 
65 pp. (Rapport no. EPS-3 0R-80-1I. 

Andrews, J.E. and K.D. Courtney. 1986. HexachIorobenzene-induced renal maldevelopment in CD-1 
mice and CD rats. In: Morris, C.R. and J.R.P. Cabral, eds. Hexach/orabenzene: Proceedings of an 
International Symposium, held at IARC, Lyon, France, 24-28 June 1985. International Agency for 
Research on Cancer, IARC Scientific Publications No. 77, Lyon, France, pp. 381-391. 

Andrews, J.E., K.D. Courtney and W.E. Donaldson. 1988. Impairment of calcium homeostasis by 
hexachlorobenzene (HCB) exposure in Fischer 344 rats. J. Toxicol. 23: 311-320. 

Andrews, J.E., K.D. Courtney, A.G. Stead and W.E. Donaldson. 1989. Hexachlorobenzene-induced 
hyperparathyroidism and osteosclerosis in rats. Fund. Appl. Toxicol. 12: 242-251. 

Andrews, J.E., L.D. Jackson, A.G. Stead and W.E. Donaldson. 1990. Morphometric analysis of 
osteosclerotic bone resulting from hexachlorobenzene exposure. J. Toxicol. Environ. Health 31: 193- 
201. 

NHW/DOE, June 1993

i-



CEPA Supporting Documentation 93‘ 
Hexachlorobenzene 

Arnold, D.L. and D. Krewski. 1988. Long-term toxicity of hexachlorobenzene. Food Chem. Toxic. 26: 
169-174. 

Arnold, D.L., C.A. Moodie, S.M. Charbonneau, H.C. Grice, P.F. McGuire, F.R. Bryce, B.T. Collins. 21. 
‘Zwadizka, D.R. Krewski. E.A. Nera and LC. Munro. 1985. Long-term toxicity of hexachlorobenzene 
in the rat and the effect of dietary vitamin A. Food Chem. Toxic. 23: 779-793. ‘ 

Asher, S.C., K.M. Lloyd, D. Mackay., S. Paterson and J.R. Roberts. 1985. A Critical Examination of 
Environmental Modelling. Modelling the Environmental Fate of Chlorobenzenes Using the Persistence 
and Fuaacity Mode/s. National Research Council of Canada, Associate Committee on Scientific Criteria 
for Environmental Quality, Ottawa, Ontario, NRCC No. 23990. 
Atlas, E. and C.S. Giam. 1981. Global transport of organic pollutants: ambient concentrations in the 
remote marine atmosphere. Science 211: 163-165. 

ATSDR. 1990. Toxicological Profile for Hexachlorobenzene. Agency for Toxic Substances and Disease 
Registry, Public Health Service, US. Department of Health and Human Services. Pub. TP-90-17. 

Aulerich, R.J. 1991. Personal communication from Richard J. Aulerich, Michigan State University, East 
Lansing, Michigan. 

Avrahami, M. 1975. Hexachlorobenzene. IV. Accumulation and elimination of HCB by pigs after oral 
dosing. N.Z. J. Exper. Agric. 3: 285-287. 

Avrahami, M. and R.T. Steele. 1972a. Hexachlorobenzene I. Accumulation and elimination of HCB in 
sheep after oral dosing. N.Z. J. Agric. Res. 15: 476-481. 

Avrahami, M. and R.T. Steele. 1972b. Hexachlorobenzene. ll. Residues in laying pullets fed HCB in 
their diets and the effects on egg production, hatchability, and on chickens. N.Z. J. Agric. Res. 15: 
482-488. 

Babineau, K.A., A. Singh, J.F. Jarrell and DC. Villeneuve. 1991. Surface epithelium of the ovary 
following oral administration of hexachlorobenzene to the monkey. J. Submicrosc. Cytol. Pathol. 23: 
457-464. 

Bacci, E., D. Calamari, C. Gaggi, R. Fanelli, S. Focardi and M. Morosini. 1986. Chlorinated 
hydrocarbons in lichen and moss samples from the Antarctic Peninsula. Chemosphere 15: 747-754. 

Bailey, J., V. Knauf, W. Mueller and W. Hobson. 1980. Transfer of hexachlorobenzene and 
polychlorinated biphenyls to nursing infant rhesus monkeys; enhanced toxicity. Environ. Res. 21: 190- 
196. 

Baker, J.E. and S.J. Eisenreich. 1990. Concentrations and fluxes of polycyclic aromatic hydrocarbons 
and polychlorinated biphenyls across the air-water interface of Lake Superior. Environ. Sci. Technol. 
24: 342-352. ‘ 

NHW/DOE, June 1993



CEPA Supporting Documentation 94 
Hexachlorobenzene 

Ballschmiter, K., I. Braunmiller, R. Niemczyk and M. Swerev. 1988. Reaction pathways for the 
formation of polychloro-dibenzodioxins (PCDDs) and -dibenzofurans (PCDFs) in combustion processes: 
ll Chlorobenzenes and Chlorophenols as precursors in the formation of polychloro-dibenzodioxins and - 

dibenzofurans in flame chemistry. Chemosphere 17: 995-1005. 

Ballschmiter, K. and R. Wittlinger. 1991. lnterhemisphere exchange of hexachlorocvclohexanes, 
hexachlorobenzene, polychlorobiphenyls, and 1 ,1 ,1 -trichloro-2,2-bislp-chlorophenyl)ethanein the lower 
troposphere. Environ. Sci. Technol. 25: 1103-1111. 

Barnett, J.B., L. Barfield, R. Walls, R. Joyner, R. Owens and L.S.F. Soderberg. 1987. The effect of in 
utero exposure to hexachlorobenzene on the developing immune response of BALB/c mice. Toxicol. 
Letters 39: 263-274. 

Bauer, I., S. Weigelt and W. Ernst. 1989. Biotransformation of hexachlorobenzene in the blue mussel 
(Myti/us edu/isl. Chemosphere 19: 1701-1707. 

B.C. Environment. Unpublished report provided by John Ward, Industrial Waste and Hazardous 
Contaminants Branch, Ministry of Environment, Lands and Parks, B.C. Environment, 3rd Floor, 777 
Broughton, Victoria, B.C. 

Beall, ML. 1976. Persistence of aerially applied hexachlorobenzene on grass and soil. J. Environ. Goal. 
5: 367-369. 

Beck, J. and K.E. Hansen. 1974. The degradation of quintozene, pentachlorobenzene, 
hexachlorobenzene and pentachloroaniline in soil. Pestic. Sci. 5: 41-48. 

Béland, P., S. deGuise and R. Plante. 1991. Toxicology and pathology of St. Lawrence marine 
mammals. Final Report, Wildlife Toxicology Fund Research Grant, 1988-1991. 

Bengtsson, G., C.G. Enfield and R. Lindqvist. 1987. Macromolecules facilitiate the transport of trace 
organics. Sci. Total Environ. 67: 159-164. 

Biberhofer, J. and R.J.J. Stevens. 1987. Organochlorine Contaminants in Ambient Waters of Lake 
Ontario. Environment Canada, Inland Waters/Lands Directorate, Ontario Region, Water Quality Branch, 
Burlington, Scientific Series No. 159, 11 pp. 

Bidleman, T.F., W.N. Billings and W.T. Foreman. 1986. Vapor-particle partitoning of semivolatile 
organic compounds: estimates from field collection. Environ. Sci. Technol. 20: 1038-1043. 

Bidleman, T.F., U. VWdeqvist, B. Jansson and R. Soderlund. 1987. Organochlorine pesticides and 
polychlorinated biphenyls in the atmosphere of southern Sweden. Atmospheric Environ. 21: 641-654. 

Bidleman, T.F., L.L. McConnell, J.R. Kucklick, W.E. Cotham and D.A. Hinkley. 1991. Air-water 
exchange of HCHs in the Great Lakes. US. EPA Report, Great Lakes National Program Office, 
Chicago, IL. 

NHW/DOE, June 1993 

’-‘



, 

-

. 

x

, 

CEPA Supporting Documentation 95 
. Hexachlorobenzene 

Bidleman, T.F., G.W. Patton, M.D. Walla, B.T. Hargrave, W.P. Vass, P. Erickson, B. Fowler, V. Scott 
and D.J. Gregor. 1989. Toxaphene and other organochlorines in Arctic Ocean fauna: evidence for 
atmospheric delivery. Arctic 42: 307-313. 

Biggs, D., R.G. Rowland and C.F. Wurster. 1979. Effects of trichloroethylene, hexachlorobenzene and 
polychlorinated biphenyls on the growth and cell size of marine phyt0plankton. Bull. Environ. Contam. 
Toxicol. 21: 196-201. 

Bishop, C.A., R.J. Brooks, J.H. Carey, P. Ng, R.J. Norstrom and D.R.S. Lean. 1991. The case for a 
cause-effect linkage between environmental contamination and development in eggs of the common 
snapping turtle (Chelydra s. serpentine) from Ontario, Canada. J. Toxicol. Environ. Health 33: 521 -547. 

Bishop, C.A., D.V. Weseloh, N. Burgess, J. Struger and R.J. Norstrom. 1992. Atlas of Contamination 
in Eggs of Colonial Fish-eating Birds of the Great Lakes. Canadian Wildlife Service Technical Report 
Series, Ontario Region. (in press) 

Bjerk, J.E. and EM. Brevik. 1980. Organochlorine compounds in aquatic environments. Arch. Environ. 
Contam. Toxicol. 9: 743-750. 

Bleavins, MR. 1983. Toxicological manifestations of hexachlorobenzene exposure in the mink 
(Muste/a vison) and the European ferret (Muste/a putorius furo). Ph.D Dissertation. Michigan State 
University. 163 pp. 

Bleavins, M.R., W.J. Breslin, R.J. Aulerich and R.K. Ringer. 1982. Excretion and placental and 
mammary transfer of hexachlorobenzene in the European ferret (Mustela putorius furo). J. Toxicol. 
Environ. Health 10: 929-940. 

Bleavins, M.R., S.J. Bursian, J.S. Brewster and R.J. Aulerich. 1984a. Effects of dietary 
hexachlorobenzene exposure on regional brain biogenic amine concentrations in mink and European 
ferret. J. Toxicol. Environ. Health 14: 363-377. 

Bleavins, M.R., R.J. Aulerich and R.K. Ringer. 1984b. Effects of chronic dietary hexachlorobenzene 
exposure on the reproductive performance and survivability of mink and European ferrets. Arch. 
Environ. Contam. Toxicol. 13: 357-365. 

Boersma, D.C., J.A. Ellenton and A. Yagminas. 1986. Investigation of the hepatic mixed-function 
oxidase system in herring gull embryos in relation to environmental contaminants. Environ. Toxicol. 
Chem. 5: 309-318. 

Boese, B.L., H. Lee II and D.T. Specht. 1988. Efficiency of uptake of hexachlorobenzene from water 
by the tellinid clam, Macoma nasuta. Aquatic Toxicol. 12: 345-356. 
Boese, B.L., M. Winsor, H. Lee ll, D.T. Specht and LC. Rukavina. 19903. Depuration kinetics of 
hexachlorobenzene in the clam, Macoma nasuta. Comp. Biochem. Physiol. 96C: 327-331. 
Boese, B.L., H. Lee ll, D.T. Specht, R.C. Randall and M.H. Winsor. 1990b. CampariSOn of aqueous v 

and solid-phase uptake for hexachlorobenzene in the tellinid clam Macoma nasuta (Conradha mass 
balance approach. Environ. Toxicol. Chem. 9: 221-231. 

NHW/DOE, June 1993



CEPA Supporting Documentation 96 
Hexachlorobenzene 

Boger, A., G. Koss, W. Koransky, R. Naumann and H. Frenzel. 1979. Rat liver alterations after chronic 
treatment with hexachlorobenzene. Virchows Arch. A. Path. Anat. and Histol. 382: 127-137. 

Borzelleca, J.F. and RA. Carchman. 1982. Effects of Selected Organic Drinking Water Contaminants 
on Male Reproduction. Health Effects Research Laboratory, Office of Research and Development, US 
Environmental Protection Agency, Research Triangle Park, N.C. (EPA - 600/1-82-009). 

Bourbonniere, R.A., B.L. Van Sickle and T. Mayer. 1986. The Great Lakes Sediment Bank -l (including 
catalogs of Lakes Huron and Ontario samples). Environment Canada, National Water Research Institute, 
Burlington, Ont. NWRl Contribution #86-151, 75 pp. 

Braune, EM. and R.J. Norstrom. 1989. Dynamics of organochlorine compounds in herring gulls: Ill. 

Tissue distribution and bioaccumulation in Lake Ontario gulls. Environ. Toxicol. Chem. 8: 957-968. 

Braune, B.M., M.P. Wong, J.-C. Belles-Isles and W.K. Marshall. 1991. Chemical Residues in Canadian 
Game Birds. Canadian Wildlife Service, Ottawa. Technical Report Series No. 124. 

Breslin, W.J., M.R. Bleavins and R.K. Ringer. 1983. Distribution and excretion of hexachlorobenzene 
in bobwhite. J. Toxicol. Environ. Health 11: 885-896. 

Brooks, G.W. and G.E. Hunt. 1984. Source Assessment for Hexachlorobenzene. Radian Corporation, 
prepared for Pollutant Assessment Branch, United States Environmental Protection Agency, Research 
Triangle Park, North Carolina, 77 pp. (EPA - 68-02-3818). 

Bro-Rasmussen, F. 1986. Hexachlorobenzene: An ecotoxicological profile of an organochlorine 
compound. I n: Morris, C.R. and J.R.P. Cabral, eds. Hexachlorobenzene: Proceedings of an International 
Symposium, held at lARC, Lyon, France, 24-28 June 1985. International Agency for Research on 
Cancer, lARC Scientific Publications No. 77, Lyon, France, pp. 231-241. 

Brown, E.A., K. Biddle and J.E. Spaulding. 1986. Residue levels of hexachlorobenzene in meat and 
poultry in the food supply of the USA. In: Morris, C.R. and J.R.P. Cabral, eds. Hexachlorobenzene: 
Proceedings of an International Symposium, held at lARC, Lyon, France, 24-28 June 1985. 
International Agency for Research on Cancer, lARC Scientific Publications No. 77, Lyon, France, pp. 
99-108. 

Bruckmann, P., W. Kersten, W. Funcke, E. Balfanz, J. Konig, J. Theisen, M. Ball and 0. Papke. 1988. 
The occurrence of chlorinated and other organic trace compounds in urban air. Chemosphere 17: 
2363-1380. 

Brunn, H. and D. Manz. 1982. Contamination of native fish stock by hexachlorobenzene and 
polychlorinated biphenyl residues. Bull. Environ. Contam. Toxicol. 28: 599-604. 

Brusick, DJ. 1986. Genotoxicity of hexachlorobenzene and other chlorinated benzenes. In: Morris, 
C.R. and J.R.P. Cabral, eds. Hexachlorobenzene: Proceedings of an International Symposium, held at 
lARC, Lyon, France, 24-28 June 1.985. International Agency for Research on Cancer, lARC Scientific 
Publications No. 77, Lyon, France, pp. 393-397. 

NHW/DOE, June 1993



CEPA Supporting Documentation 97 
Hexachlorobenzene 

Buhler, D.R. and HM. Carpenter. 1986. Japanese quail as a model for the study of 
hexachlorobenzene-induced porphyria. In: Morris, C.R and J.R.P. Cabral, eds. Hexachlorobenzene: 
Proceedings of an International Symposium, held at IARC, Lyon, France, 24-28 June 7985- 
International Agency for Research on Cancer, IARC Scientific Publications No. 77, Lyon, France, pp. 
477-480.

. 

Bumpus, J.A. and SD. Aust. 1987. Biodegradation of chlorinated organic compounds by 
Phenerocheete chrysasporium, a wood-rotting fungus. ln: Exner, J.H., ed. Solving Hazardous Waste 
Problem. The 191st Meeting of the American Chemical Society, New York, 13-18 April 1986. ACS 
Symposium Series 338, pp. 340-349. 

Burns, J.E. and FM. Miller. 1975. Hexachlorobenzene cantamination: its effects in a Louisiana 
population. Arch. Environ. Health 30: 44-48. 

Burns, J.E., F.M. Miller, E.D. Gomes and RA. Albert. 1974. Hexachlorobenzene exposure from 
contaminated DCPA in vegetable spraymen. Arch. Environ. Health 29: 192-194. 
Burton, M. A. and 8.6. Bennett. 1987. Summary exposure assessment for hexachlorobenzene. ln: 
Exposure Commitment Assessment of Environmental Pollutants. Vol. 6, King's College London, 
University of London, pp. 2-25. 

Burton, M.A.S. and B.G. Bennett. 1987. Exposure of man to environmental hexachlorobenzene IHCB) - 
- an exposure commitment assessment. Sci. Total Environ. 66: 137-146. 

Bush, B., J. Snow and R. Koblintz. 1984. Polychlorobiphenyl (PCB) congeners, D.D'-DDE, and 
hexachlorobenzene in maternal and fetal cord blood from mothers in upstate New York. Arch: Environ. 
Contam. Toxicol. 13: 517-527. 

Buther, H. 1988. Organochlorine residues in livers of dab (Limanda limanda) in regions of the southern 
North Sea. In: Environmental Protection of the North Sea. Heinemann Professional Publishing Ltd. pp. 
766-770. 

Cabral, J.R.P. and P. Shubik. 1986. Carcinogenic activity of hexachlorobenzene in mice and hamsters. 
In: Morris, C.R. and J.R.P. Cabral, eds. Hexachlorobenzene: Proceedings of an International 
Symposium, held at IARC, Lyon, France, 24-28 June 1985. International Agency for Research on 
Cancer, IARC Scientific Publications No. 77, Lyon, France, pp. 411-416. 

Cabral, J .R.P., P. Shubik, T. Mollner and F. Raitano. 1977. Carcinogenic activity of hexachlorobenzene
I 

in hamsters. Nature 269: 510-511. 

Cabral, J.R.P., T. Mollner, F. Raitano and P. Shubik. 1979. Carcinogenesis of hexachlorobenzene in 
mice. Int. J. Cancer. 23: 47-51. 

Calamari, D., S. Galassi, F. Setti and M. Vighi. 1983. Toxicity of selected chlorobenzenes to aquatic 
organisms. Chemosphere 12: 253-262. 

NHW/DOE, June 1993



CEPA Supporting Documentation 98 
Hexachlorobenzene 

California Department of Health Services. 1988. Risk-specific intake levels for the Proposition 65 
carcinogen hexachlorobenzene. Reproductive and Cancer Hazard Assessment Section, Office of 
Environmental Health Hazard Assessment. October 1, 1988 Draft. 

Call, D.J., L.T. Brooke, N. Ahmad and J .E. Richter. 1983. Toxicity and Metabolism Studies with EPA 
Priority Pollutants and Related Chemicals in Freshwater Organisms. Center for Lake Superior 
Environmental Studies, University of \Msconsin-Superior, Environmental Research Laboratory-Duluth, 
United States Environmental Protection Agency, 118 pp. (EPA - GOO/3-83095). 

Callahan, M., M. Slimak, N. Gabel, 1. May, C. Fowler, R. Freed, P. Jennings, R. Durfee, F. Whitmore, 
B. Maestri, W. Mabey, B. Holt and C. Gould. 1979. Water-related Environmental Fate of 12.9 Priority 
Pollutants, vol. II. Versar lnc., prepared for Office of Water Planning and Standards/Office of Water and 
Waste Management, United States Environmental Protection Agency, Washington, DC. (EPA - 440/4- 
79-029b). 

Cam, C. and G. Nigogosyan. 1963. Acquired toxic porphyria cutanea tarda due to hexachlorobenzene. 
J. Amer. Med. Assoc. 183: 90-93. 

Camford Information Services. 1991. Chlorobenzenes (mono, di, tri, tetra, penta, hexachlorobenzene). 
CPl Product Profiles, Don Mills, Ontario. 

Can Test Ltd. and EVS Consultants Ltd. 1979. Monitoring environmental contamination from 
chlorophenol contaminated wastes generated in the wood preservation industry. Prepared for 
Department of Fisheries and Environment, 51 pp. 

Carey, A.E., J.A. Gowen, H. Tai, W.G. Mitchell and GB. \Mersma. 1979. Pesticide residue levels in 
soils and crops from 37 states, 1972 -- National Soils Monitoring Program llV). Pest. Monitor. J. 12: 
209-229. 

Carlson, AR. and Kosian. 1987. Toxicity of chlorinated benzenes to fathead minnows (Pimepha/es 
prome/as). Arch. Environ. Contam. Toxicol. 16: 129-135. 

Carpenter, H.M., D.E. Williams and D.R. Buhler. 19853. Hexachlorobenzene-induced porphyria in 
Japanese quail: changes in microsomal enzymes. J. Toxicol. Environ. Health 15: 431-444. 

Carpenter, H.M., D.E. Mlliams and D.R. Buhler. 1985b. Hexachlorobenzene-induced porphyria in 
Japanese quail: an in vitro study of changes in cytochrome P-450 and monooxygenases. J. Toxicol. 
Environ. Health 16: 207-217. 

Carpenter, C., G. Schweer, G. Stinnett and N. Gabel. 1986. Exposure Assessment for 
Hexachlorobenzene. Versar lnc., prepared for Office of Toxic Substances, United States Environmental 
Protection Agency, Washington, D.C., 377 pp. (EPA 560/5-86-019). 

Carthew, P., R.E. Edwards and AG. Smith. 1990. lmmunotoxic effects of hexachlorobenzene on the 
pathogenesis of systemic, pneumonic and hepatic virus infections in the mouse. Human Exper. Toxicol. 
9: 403-411. 

NHW/DOE, June 1993



CEPA Supporting Documentation ' 99 
Hexachlorobenzene 

CCREM (Canadian Council of Resource and Environment Ministers). 1987. Canadian Water Quality 
Guidelines. Task Force on Water Quality Guidelines of the Canadian Council of Resource and 
Environment Ministers, Ottawa, Ontario. 

Chan, CH and J. Kohli. 1987. Survey of Trace Contaminants in the St. Clair River, 1985. Environment 
Canada, Inland Waters/Land Dir., Ont. Region, Water Oual. Branch, Burlington, Ont., Sci. Ser. Can. No. 
158, 10 pp. 

Chan, C.H., Y.L. Lau and B.C. Oliver. 1986. Measured and modelled chlorinated contaminant 
distributions in St. Clair River water. Water Pollut. Res. J. Canada 21: 332-343. 

Charbonneau, M. Personal communication from Michel Charbonneau, Département de médecine due 
travail et d'hygiene du milieu, Faculté de médecine, Université de Montreal, Montreal, Ouébec. 

Cholakis, J.M., M.J. McKee, L.C.K. Wong and JD. Gile. 1981. Acute and chronic toxicity of pesticides 
in microtine rodents. ASTM Spec. Public. 757, Avian and Mamm. Wild. Toxicol. 143-154. 
Choudhry, G.G. and O. Hutzinger. 1984. Acetone-sensitized and nonsensitized photolyses of tetra-, 
penta-, and hexachlorobenzenes in acetonitrile-water mixtures: photoisomerization and formation of 
several products including polychlorobiphenyls. Environ. Sci. Technol. 18: 235-241. 

Christensen, C., D. Van der Sluis and C. Skinner. 1989. A review and summary of the literature on 
hexachlorobenzene. SRI International 7443, prepared for Health Protection Branch, Health and Welfare 
Canada, Ottawa, 69 pp. '

' 

Ciborowski, J.J.H. and LD. Corkum. 1988. Organic contaminants in adult aquatic insects of the St. 
Clair and Detroit Rivers, Ontario, Canada. J. Great Lakes Res. 14: 148-156. 

Clark, T.P., R.J. Norstrom, G.A.-Fox and H.T. Won. 1987. Dynamics of organochlorine compounds 
in herring gulls (Larus argentatus): II. A two-compartment model and data for ten compounds. Environ. 
Toxicol. Chem. 6: 547-559. 

Cotham, W.E. and T.F. Bidleman. 1991. Estimating the atmospheric deposition of organochlorine 
contaminants to the Arctic. Chemosphere 22: 165-188. 

Caurtney, K.D. 1979. Hexachlorobenzene (HCB): a review. Environ. Res. 20:225-266. 

Courtney, K.D. and J.E. Andrews. 1979. Mobilization of hexachlorobenzene (HCB) during gestation. 
Toxicol. Lett. 3: 357-361. 

Courtney, K.D. and J.E. Andrews. 1985. Neonatal and maternal body burdens of hexachlorobenzene 
(HCB) in mice: gestational exposure and lactational transfer. Fund. Appl. Toxicol. 5: 265-277. 

Courtney, K.D., M.F. Copeland and A. Robbins. 1976. The effects of pentachloronitrobenzene, 
hexachlorobenzene, and related compounds on fetal development. Toxicol. Appl. Pharmacol. 35: 239- 
256. 

NHW/DOE, June 1993



CEPA Supporting Documentation 100 
Hexachlorobenzene 

Courtney, K.D., J.E. Andrews and D.J. Svendsgaard. 1979. Hexachlorobenzene (HCB) deposition in 
maternal and fetal tissues of rat and mouse. I. Chemical quantification of HCB in tissues. Environ. Res. 
19: 1-13. 

Courtney, K.D., J.E. Andrews and M.A. Grady. 1985. Placental transfer and fetal deposition of 
hexachlorobenzene in the hamster and guinea pig. Environ. Res. 37: 239-249. 

Cox, C. Personal Communication from Chuck Cox, Sport Fish Contaminant Monitoring Program, 
Ontario Ministry of the Environment, Toronto, Ontario. 

Cox, C. and A.F. Johnson. 1990. A study of the consumption patterns of Great Lakes salmon and 
trout anglers. Water Resources Branch, Ontario Ministry of the Environment. 

Cox, C. and J. Ralston. 1990. A Reference Manual of Chemical Contaminants in Ontario Sport Fish. 
Water Resources Branch, Ontario Ministry of the Environment. 

CPI (Corpus Profile Information). 19873. Trichloroethylene (trichlor). CPI Product Profiles, Don Mills, 
Ontario. 

CPI (Corpus Profile Information). 1987b. Perchloroethylene (tetrachloroethylene). CPI Product Profiles, 
Don Mills, Ontario. 

CPI (Corpus Profile Information). 1990a. Carbon Tetrachloride (tetrachloromethane). CPI Product 
Profiles, Don Mills, Ontario. 

CPI (Corpus Profile Information). 1990b. Trichloroethylene (trichlor). CPI Product Profiles, Don Mills, 
Ontario. 

CPI (Corpus Profile Information). 1990c. Perchloroethylene (tetrachloroethylene). CPI Product Profiles, 
Don Mills, Ontario. 

Craig, E. and GD. Haffner. 1988. Ecological partitioning of organochlorinated contaminants in forage 
fish species. In: Proceedings Environmental Research Technology Transfer Conference, Part B: Water 
Quality Research, Royal York Hotel, 28-29 November 1987, pp. 341-344. 

Cripps, D.J., H.A. Peters, A. Gocmen and I. Dogramici. 1984. Porphyria turcica due to 
hexachlorobenzene: a 20 to 30 year follow-up study on 204 patients. Brit. J. Dermatol. 1 11: 413-422. 

Cross, J.N., J.T. Hardy, J.E. Hose, G.P. Hershelman, L.D. Antrim, R. W. Gossett and EA. Crecelius. 
1987. Contaminant concentrations and toxicity of sea-surface microlayer near Los Angeles, California. 
Mar. Environ. Res. 23: 307-323. 

Currier, M.F.. C.D. McCIimans and G. Barna-Lloyd. 1980. Hexachlorobenzene blood levels and the 
health status of men employed in the manufacture of chlorinated solvents. J. Toxicol. Environ. Health 
6: 367-377. 

CWS (Canadian Wildlife Service). Unpublished database. Environment Canada, Ottawa, Ontario. 

NHW/DOE, June 1993



CEPA Supporting Documentation 10‘ 
Hexachlorobenzene 

D’Amour, M. and M. Charbonneau. 1992. Sex-related differences in hepatic glutathione conjugation 
of hexachlorobenzene in the rat. Toxicol. Appl. Pharmacol. 112: 229-234. 

Davis, 8.0. and FLC. Morgan. 1986. Hexachlorobenzene in hazardous Waste sites._ln: Morris, C.R. and 
J.R.P. Cabral, eds. Hexachlorobenzene: Proceedings of an International Symposium, held at IARC, 
Lyon, France, 24-28 June 1985. International Agency for Research on Cancer, lARC Scientific 
Publications No. 77, Lyon, France, pp. 23-30. 

Davies, K. 1988. Concentrations and dietary intake of selected organochlorines, including PCBs, 
PCDDs and PCDFs in fresh food composites grown in Ontario, Canada. Chemosphere 17: 263-276. 

Debets, F.M.H. and J.J.T.W.A. Strik. 1979. An approach to elucidate the mechanism of 
hexachlorobenzene-induced hepatic porphyria, as a model for the hepatotoxicity of polyhalogenated 
aromatic compounds (PHA'sl. ln: Strik, J.J.T.W.A. and J.H. Koernan, eds. Chemical Porphyria in Man. 
Elsevier/North Holland Biomedical Press, AmsterdamONew YorkOOxford, pp. 181-208. 

Dejonckheere, W., W. Steurbaut and RH. Kips. 1976. Residues of quintozene, its contaminants and 
metabolites in soil, lettuce, and witloof-chicory, Belgium - 1969-1974. Pest. Monit. J. 10: 68-73. 

Dellinger, 8., RH. Taylor and D.A. Tirey. 1991. Minimization and Control of Hazardous Combustion 
By-products. Risk Reduction Engineering Laboratory, United States Environmental Protection Agency, 
Cincinnati, Ohio, 349 pp. (EPA - 600/S2-90/O39). 

' De Matteis, F., B.E. Prior and C. Rimington. 1961. Nervous and biochemical disturbances following 
v hexachlorobenzene intoxication. Nature 191: 363—366. 

Denomme, M.A., B. Leece, J. Gyorkos, K. Homonko and S. Safe. 1983. Polychlorinated benzene and 
phenol congeners as inducers of rat hepatic drug-metabolizing enzymes in immature male Wistar rats. 
Con. J. Physiol. Pharmacol. 61: 1063-1070. ‘ 

den Tonkelaar, EM. and G.J. van Esch. 1974. No-effect levels of organochlorine pesticides based on 
induction of microsomal liver enzymes in short-term toxicity experiments. Toxicology 2: 371-380. 

den Tonkelaar, E.M., H.G. Verschueren, J. Bankovska, T. De Vries, R. Kroes and G. van Esch. 1978. 
Hexachlorobenzene toxicity in pigs. Toxicol. Appl. Pharmacol. 43: 137-145. 

De Smet, K.D. 1987. Organochlorin'es, predators and reproductive success of the red-necked grebe 
in southern Manitoba. Condor 89: 460-467. ‘ 

Dewailly, E., A. Nantel, C. Laliberté, J.-P. Weber, S. Gingras and F. Meyer. 1991. Organochlorines in 
the breast milk in Ouébec: a provincial survey. Poster presentation at conference on 'Measuring, 
Understanding, and Predicting Exposures in the 21st Century", November 18-22, 1991, Atlanta, 
Georgia. 

DeVault, 0.5. 1985. Contaminants in fish from Great Lakes harbors and tributary mouths. Arch. 
Environ. Contam. Toxicol. 14: 587-594. 

NHW/DOE. June 1993



CEPA Supporting Documentation 102 
Hexachlorobenzene 

DFO (Department of Fisheries and Oceans). 1991. Levels and variability of chlorinated pesticides in 
precipitation in British Columbia. Seakem Oceanography Ltd ., prepared for Institute of Ocean Sciences. 
Sidney, British Columbia, October 1991. 

DIG (Data Interpretation Group River Monitoring Committee). 1988. Joint evaluation of 
upstream/downstream Niagara River Monitoring Data 1986-1987. Environment Canada lUnited States 
Environmental Protection Agency / Ontario Ministry of the Environment I New York State Department 
of Environmental Conservation, 37 pp. 

DIG (Data Interpretation Group River Monitoring Committee). 1990. Joint evaluation of 
upstream/downstream Niagara River Monitoring Data 1988-1989. Environment Canada /United States 
Environmental Protection Agency l Ontario Ministry of the Environment / New York State Department 
of Environmental Conservation, 71 pp. 

Dime, RA. 1982. Environmental fate of hexachlorobenzene. Ph. D. Dissertation, University Microfilms 
International. Order No. 82-20134. 

Dive, 0., H. Leclerc and G. Persoone. 1980. Pesticide toxicity on the ciliate protozoan Colpidium 
campy/um: Possible consequences of the effect of pesticides in the aquatic environment. Ecotoxicol. 
Environ. Safety 4: 129-133. 

Dogramaci, I., J.D. Wray, T. Ergene, V. Sezer and Y. MCIftCI. 1962. Porphyria turcica: a survey of 592 
cases of cutaneous porphyria seen in southeastern Turkey. Turk. J. Pediatr. 4: 138-148. 

Dow Chemical Canada Inc. 1991. Personal Communication. John Schultiess. Analytical Section, Dow 
Chemical Canada Inc. 

EC (Environment Canada). 1979. L'hexachlorobenzene dans l’environnement vue d'ensemble du 
probleme au Ouébec. Environmental Protection Service, Environmental Contaminants Division (SPE 
4405-H25). 

EC (Environment Canada). 1987. The National Incinerator Testing and Evaluation Program (NlTEP): 
the combustion characterization of mass burning technology - Quebec City. Book #1, Volume IV, 
Detailed results, compiled by Lavalin Inc., Toronto, Ontario, 524 pp. 

EC (Environment Canada). 1989a. Detroit Incinerator Monitoring Program. Data Report #3. River Road 
Environmental Technology Centre, Ottawa, Ont., PMD 89-9, 41 pp. 
EC (Environment Canada). 1989b. Atlantic Region Federal-Provincial Toxic Chemical Survey of 
Municipal Drinking Water Sources 1985-1988. Interpretive Report. Water Quality Branch, Inland

I 

Waters Directorate, Conservation and Protection, Moncton, New Brunswick. 
EC (Environment Canada). 19903. A Compendium of Information on Pesticides used in the Atlantic 
Region. Conservation and Protection, Atlantic Region, Darmouth, Nova Scotia. 

EC (Environment Canada). 1990b. Detroit Incinerator Monitoring Program, Data Report #4. River Road 
Environmental Technology Centre, Ottawa, Ont., PMD-90-8, 20 pp. 

NHW/DOE, June 1993



CEPA Supporting Documentation 103 
Hexachlorobenzene 

EC (Environment Canada). 1991a. List of incinerator facilities in Canada. River Road Environmental 
Technology Centre, Ottawa, Ontario. 

EC (Environment Canada). 1991b. National guidelines for hazardous waste incineration facilities: 
Volume II, supporting information. Environmental Protection Service, Ottawa, Ontario. 

EC (Environment Canada). 1991 c. Measurement program for toxic contaminants in Canadian urban air - 

- update and summary report. River Road Environmental Technology Centre, Environment Canada. 
Unpublished report, March 1991, PMD 91-2. 
EC (Environment Canada). 1992. The National Incinerator Testing and Evaluation Program. Commercial 
Chemicals Branch Seminar Series, March 25, Hull, Quebec. 

EC/AG (Environment Canada and Agriculture Canada). 1990. Pesticide Registrant Survey: 1988 
Report. Environmental Protection Service, Environment Canada, Ottawa, Ontario. 

EC/DFO/NHW (Environment Canada / Department of Fisheries and Oceans / NatiOnal Health and 
Welfare). 19913. Toxic Chemicals in the Great Lakes and Associated Effects. Synopsis. Minister of 
Supply and Services Canada. March, 1991. 

EClDFO/NHW (Environment Canada I Department of Fisheries and Oceans l Health and Welfare 
Canada). 1991b. Toxic chemicals in the Great Lakes and associated effects. Vol. 1: Contaminant levels 
and trends. Minister of Supply and Services Canada, Ottawa, Ontario. 

EC/MOE (Environment Canada lOntario Ministry of the Environment). 1985. Pollution of the St. Clair 
River (Sarnia area). Canada-Ontario agreement respecting Great Lakes Water Quality. 

EC/MOE (Environment Canada / Ontario Ministry of the Environment). 1986. St. Clair River pollution 
investigation (Sarnia area). Canada-Ontario Agreement respecting Great Lakes Water Quality. 

EHD (Environmental Health Directorate). 1992. Unpublished internal report on recommended approach 
and reference values for expOSure assessments for CEPA Priority Substances. Health and Welfare 
Canada, Ottawa. 

Eiceman, G.A., R.E. Clement and F.W. Karasek. 1979. Analysis of fly ash from municipal incinerators 
for trace organic compounds. Anal. Chem. 51: 2343-2350. 

Eiceman, G.A., R.E. Clement and F.W. Karasek. 1981. Variations in concentrations of organic 
compounds including polychlorinated dibenzo-p-dioxins and polynuclear aromatic hydrocarbons in fly 
ash from a municipal incinerator. Anal. Chem. 53: 955-959. 

Eisenberg, M. and J.J. Topping. 1984. Organochlorine residues in shellfish from Maryland waters. J. 
Environ. Sci. Health 819: 673-688. 

Eisenreich, S.J. and W.M.J. Strachan. 1992. Estimating atmospheric deposition of toxic substances 
to the Great Lakes: an update. Proceedings of a workshop held at the Canada Centre for Inland Waters, 
Burlington, Ontario, January 31-February 2, 1992. 

NHW/DOE, June 1993



CEPA Supporting Documentation 104 
Hexachlorobenzene 

Eisenreich, S.J., 3.3. Looney and JD. Thornton. 1980. 1980 Annual report - A Perspective on the 
Problem of Hazardous Substances in the Great Lakes Basin Ecosystem: Appendix - Background 
Reports. Great Lakes Science Advisory Board, Report to the International Joint Commission, Toronto, 
Ontario. 

Eisenreich, S.J., 8.8. Looney and JD. Thornton. 1981. Airborne organic contaminants in the Great 
Lakes ecosystems. Environ. Sci. Technol. 15:30-38. 

El-Dib, M.A. and MI. Badawy. 1985. Organochlorine insecticides and PCBs in waste, sediment, and 
fish from the Mediterranean Sea. Bull. Environ. Contam. Toxicol. 34: 216-227. 

Elissalde, M.H. and BE Clark. 1979. Testosterone metabolism by hexachlorobenzene-induced hepatic 
microsomal enzymes. Am. J. Vet. Res. 40: 1762-1766. 

Ellenton, J.A., L.J. Brownlee and B.R. Hollebone. 1985. Aryl hydrocarbon hydroxylase levels in herring 
gull embryos from different locations on the Great Lakes. Environ. Toxicol. Chem. 4: 615-622. 

Engst, R., R.M. Macholz and M. Kujawa. 1976. The metabolism of hexachlorobenzene (HCB) in rats. 
Bull. Environ. Contam. Toxicol. 16: 248-252. 

Enrique: de Salamanca, R., A. Lopez-Miras, J.J. Munoz, J. To-Figueras and C. Cande. 1990. Is 
hexachlorobenzene human overload related to porphyria cutanea tarda? A speculative hypothesis. 
Medical Hypotheses 33: 69-71. 

Ernst, W. 1986. Hexachlorobenzene in the marine environment: distribution, fate and ecotoxicological 
aspects. In: Morris, C.R. and J.R.P. Cabral, eds. Hexachlorobenzene: Proceedings of an International 
Symposium, held at IARC, Lyon, France, 24-28 June 1985. International Agency for Research on 
Cancer, IARC Scientific Publications No. 77, Lyon, France, pp. 211-222. 

Ertflrk, E., R.W. Lambrecht, E.E. Grunden, D.B. Headley, H.A. Peters, C.R. Morris and G.T. Bryan. 
1982. Leukemogenicity of hexachlorobenzene (HCB) in Swiss mice (SM) after subchronic feeding. 
Proc. Am. Assoc. Cancer Res. 23: 55 (abstract). 

Erturk, E., R.W. Lambrecht, H.A. Peters, D.J. Cripps, A. Gocmen, C.R. Morris and G.T. Bryan. 1986. 
Oncogenicity of hexachlorobenzene. In: Morris, C.R. and J.R.P. Cabral, eds. Hexachlorobenzene: 
Proceedings of an International Symposium, held at IARC, Lyon, France, 24-28 June 1985. 
International Agency for Research on Cancer, IARC Scientific Publications No. 77, Lyon, France, pp. 
417-423. 

Falandysz, J. 1984. Trace metals and organochlorines in plankton from the southern Baltic. Mar. Poll. 
Bull. 15: 416-418. 

Falandysz, J. and P. Szefer. 1982. Chlorinated hydrocarbons in diving ducks wintering in Gdansk Bay, 
Baltic Sea. Sci. Total Environ. 24: 119—127. 

Fathepure, 8.2., J.M. Tiedje and S.A. Boyd. 1988. Reductive dechlorination of hexachlorbenzene to 
tri- and dichlorobenzenes in anaerobic sewage sludge. Appl. Environ. Microbiol. 54: 327-330. 

NHW/DOE, June 1993



CEPA Supporting Documentation ‘ 105 
Hexachlorobenzene 

Foley, R.E. and G.H. Batcheller. 1988. Organochlorine contaminants in common goldeneye wintering 
on the Niagara River. J. Wildl. Manag. 52: 441-445. 

Fossi, C., C. Leonzio and S. Focardi. 1989. Seasonal variation of mixed-function oxidase activity in 
a population of Yellow-legged Herring Gull: relationship to sexual cycle and pollutants. Marine Environ. 
Res. 28: 35-39. 

Foster, W.G., A. McMahon, J.F. Jarrell and D.C. Villeneuve. 1992a. Hexachlorobenzene (HCB) 
suppresses circulating progesterone concentrations during the luteal phase in the cynomolgus monkey. 
J. Appl. Toxicol. 12: 13-17. 

Foster, W.G., J.A. Pentick, A. McMahon and P.R. Lecavalier. 1992b. Ovarian toxicity of hexachloro- 
benzene (HCB) in the superovulated female rat. J. Biochem. Toxicol. 7: 14. 

Fox, M.E., J.H. Carey and B.G. Oliver. 1983. Compartmental distribution of organochlorine 
comaminants in the Niagara River and the Western Basin of Lake Ontario. J. Great Lakes Res. 9: 287- 
294. 

Fox, G.A., S.W. Kennedy, R.J. Norstrom and D.C. Wigfield. 1988. porphyria in herring gulls: a 
biochemical response to chemical contamination of Great lakes food chains. Environ. Toxicol. Chem. 
7: 831-839. 

Frank, R. and 8.0. Ripley. 1990. Food residues from pesticides and environmental pollutants in Ontario. 
In: Nriagu, J.O. and MS. Simmons, eds. Food Contamination from Environmental Sources. Vlfiley- 
lnterscience, New York, pp. 473-524. 
Frank, R., H.E. Braun and G. Fleming. 1983. Organochlorine and organophosphorus residues in fat of 
bovine and porcine carcasses marketed in Ontario, Canada from 1969 to 1981. J. Food Protect. 46: 
893-900. ‘

* 

Frank, R., H.E. Braun, G.H. Sirons, J. Rasper and G.G. Ward. 1985a. Organochlorine and 
organophosphorus insecticides and industrial pollutants in the milk supplies of Ontario -- 1983. J. Food 
Protect. 48: 499-504. 

Frank, R., J. Rasper, H.E. Braun and G. Ashton. 1985b. Disappearance of organochlorine residues from 
abdominal and egg fats of chickens, Ontario, Canada, 1969-1982. J. Assoc. Off. Anal. Chem. 68: 
124-129.

. 

Frank, R., J. Rasper, M.S. Smout and H.E. Braun. 1988. Organochlorine residues in adipose tissues, 
blood and milk from Ontario residents, 1976-1985. Can. J. Public Health 79: 150-158. 

Freeman, H.C., J.F. Uthe and P.J. Silk. 1984. Polychlorinated biphenyls, organochlorine pesticides and 
chlorobenzenes content of livers from Atlantic cod (Gadus morhua) caught of Halifax, Nova Scotia. 
Environ. Monit. Assess. 4: 389-394. 

'Freeman, R.A., K.K. Rozman and A.G.E. Wilson. 1989. Physiological pharmacokinetic model of 
hexachlorobenzene in the rat. Health Physics. 57 (Suppl 1): 139-147. 

NHW/DOE, June 1993



CEPA Supporting Documentation 106 
Hexachlorobenzene 

Freitag, D., G. Geyer, A. Kraus, R. Viswanathan, D. Kotzias, A. Attar, W. Klein and F. Korte. 1982. 
Ecotoxicological profile analysis. Vll. Screening chemicals for their environmental behavior by 
comparative evaluation. Ecotoxicol. Environ. Safety. 6: 60-81. 

FRMCP. 1988. Food Residue Monitoring Consolidation Program -- FRMCP 1988. Pesticides 
Directorate, Agriculture Canada, Ottawa. 

Gaggi, C., Bacci, E., D. Calamari and R. Fanelli. 1985. Chlorinated hydrocarbons in plant foliage: an 
indication of the tropospheric contamination level. Chemosphere 14: 1673-1686. 

Galassi, S. and A. Provini. 1981. Chlorinated pesticides and PCBs contents of the two main tributaries 
into the Adriatic Sea. Sci. Total Environ. 17: 51-57. 

Gantzer, C.J. and LP. Wackett. 1991. Reductive dechlorination catalyzed by bacterial transition-metal 
coenzymes. Environ. Sci. Technol. 25: 715-722. 

Garrett, C.L. 1980. Fraser River Estuary Study. Water quality - Toxic organic contaminants. 
Government of Canada and Province of British Columbia, Vancouver, British Columbia. 

Gaskin, D.E. 1982. The Ecology of Whales and Dolphins. Heinemann, London, UK. 

Gaskin, D.E., R. Frank and M. Holdrinet. 1983. Polychlorinated biphenyls in harb0ur porpoises 
Phocoena phocoena (L) from the Bay of Fundy, Canada and adjacent waters, with some information 
on chlordane and hexachlorobenzene levels. Arch. Environ. COntam. Toxicol. 12: 211-219. 

Geike, F. 1978. Effect of hexachlorobenzene (HCB) on the activity of some enzymes from 
Tetrahymena pyriform/s. Bull. Environ. Contam. Toxicol. 20: 640-646. 

Geike, F. and CD. Parasher. 1976a. Effect of hexachlorobenzene on some growth parameters of 
Chlorella pyrenoidosa. Bull. Environ. Contam. Toxicol. 15(6): 670-677. 

Geike, F. and CD. Parasher. 1976b. Effect of hexachlorobenzene (HCB) on growth of Tetrahymena 
pyriformis. Bull. Environ. Contam. Toxicol. 16: 347-354. 

Geike, F. and CD. Parasher. 1978. Effect of hexachlorobenzene (HCB) on photosynthetic oxygen 
evolution and respiration of Chlorella pyrenoidosa. Bull. Environ. Contam. Toxicol. 20: 647-651. 

Gerould, S. and SP. Gloss. 1986. Mayfly-mediated sorption of toxicants into sediments. Environ. 
Toxicol. Chem. 5: 667-673. 

Geyer, H., R. Viswanathan, D. Freitag and F. Korte. 1981. Relationship between water solubility of 
organic chemicals and their bioaccumulation by the alga Chlorella. Chemosphere 10: 1307-1313. 

Geyer, H., l. Scheunert and F. Korte. 1985. The effects of organic environmental chemicals on the 
growth of the alga Scenedesmus subspicarus. Chemosphere 14: 1355-1369. 

Giam, C.S., H.E. Murray, L.E. Ray and S. Kira. 1980. Bioaccumulation of hexachlorobenzene in killfish 
(Fundu/us simi/isl. Bull. Environ. Contam. Toxicol. 25: 891-897. 

NHW/DOE, June 1993



CEPA Supporting Documentation ' 107 
Hexachlorobenzene ' 

Gilbertson, M. 1979. Hexachlorobenzene lHCBl in Canada. Three Reports to the Department of the 
Environment I Department of National Health and Welfare Environmental Contaminants Committee, 
Environmental Protection Service, Ottawa. 59 pp. (Unpublished Repertl. 

Gilbertson, M. and G.A. Fox. 1977. Pollutant-associated embryonic mortality of Great Lakes Herring 
Gulls. Environ. Pollut. 12: 211-216. 

'Gilman, A.P., D.B. Peakall, D.J. Hallett, G.A. Fox and R.J. Norstrom. 1979. Herring gulls (Larus 
argentatus). In: Animals as Monitors of Environmental Pollutants. Natural Academy of Sciences. 
Washington, DC. pp. 280-289. 

Gluth, G. and W. Hanke. 1985. A comparison of physiological changes in carp, Cyprinus carpio, 
induced by several pollutants at sublethal concentrations. Ecotoxicol. Environ. Safety 9: 179-188. 

Gobas, F.A.P.C., D-C. Bedard, J.J.H. Ciborowski and GD. Haffner. 1989. Bioaccumulation of 
chlorinated hydrocarbons by may-fly (Hexagenia limbata) in Lake St. Clair. J. Great Lakes‘Res. 15: 581- 
588. 

Gobas, F.A.P.C., E.J. McNeil, L. Lovett-Doust and GD. Haffner. 1991. Bioconcentation of chlorinated 
aromatic hydrocarbons in aquatic macrophytes. Environ. Sci. Technol. 25: 924-929. 

Gocmen, A., H.A. Peters, D.J. Cripps, G.T. Bryan and C.R. Morris. 1989. Hexachlorobenzene episode 
in Turkey. Biomed. Environ. Sci. 2: 36-43. 

Goldstein, J.A., P. Linko, J.N. Huckins and D.L. Stalling. 1982. Structure-activity relationships of 
chlorinated benzenes as inducers of different forms of cytochrome P-450 in rat liver. Chem-Biol. 
Interact. 41: 131. 

. Goldstein, J.A., M. Friesen, T.M. Scotti, P. Hickman, J.R. Hass and H. Bergman. 1978. Assessment 
of the contribution of chlorinated dibenzo-p-dioxins and dibenzofurans to hexachlorobenzene-induced 
toxicity, porphyria, changes in mixed function oxygenases, and histopathological changes. Toxicol. 
Appl. Pharmacol. 46: 633-649. 

Gopalaswamy, U.V. and AS Aiyar. 1986. Biotransformation and tOxicity of lindane and its metabolite 
hexachlorobenzene in mammals. In: Morris, C.R. and J.R.P. Cabral, eds. Hexachlorobenzene: 
Proceedings of an International Symposium, held at IARC, Lyon, France, 24-28 June 1985. 
International Agency for Research on Cancer, IARC Scientific Publications No. 77, Lyon, France, pp. 
267-276. 

Gerski, T., E. Garska, D. Gerecka and M. Sikora. 1986. Hexachlorobenzene is non-genotoxic in short- 
term tests. In: Morris, C.R. and J.R.P. Cabral, eds. Hexachlorobenzene: Proceedings of an International 
Symposium, held at IARC, Lyon, France, 24-28 June 1985. International Agency for Research on 
Cancer, IARC Scientific Publications No. 77, Lyon, France, pp. 399-401. 

Gralla, E.J., R.W. Fleischman, Y.K. Luthra, M. Hagopian, J.R. Baker, H. Esber and W. Marcus. 1977. 
Toxic effects of hexachlorobenzene after daily administration to beagle dogs for one year. Toxicol. - 

Appl. Pharmacol. 40: 227-239. 

NHW/DOE, June 1993



CEPA Supporting Documentation 108 
Hexachlorobenzene 

Grant, D.L., F. lverson, G.V. Hatina and D.C. Villeneuve. 1974. Effects of hexachlorobenzene on liver 
porphyrin levels and microsomal enzymes in the rat. Environ. Physiol. Biochem. 4: 159-165. 

Grant, D.L., J.B. Shields and D.C. Villeneuve. 1975. Chemical (HCB) porphyria: effect of removal of 
sex organs in the rat. Bull. Environ. Contam. Toxicol. 14: 422-425. 

Grant, D.L., W.E.J. Phillips and G.V. Hatina. 1977. Effect of hexachlorobenzene on reproduction in the 
rat. Arch. Environ. Contam. Toxicol. 5: 207-216. 

Green, J.A., J.E. Francis, C.R. Wolf, M.M. Manson and A.G. Smith. 1989. Sexual dimorphism of 
cytochrome P-450 induction by hexachlorobenzene in rats. Biochem. Soc. Transactions. 17: 1016- 
1017. 

Griffin, R.A. and S.F.J. Chou. 1981a. Movement of PCB’s and other persistent compounds through 
soil. Water Sci. Tech. 13: 1153-1163. 

Griffin, RA. and S.F.J. Chou. 1981b. Disposal and removal of halogenated hydrocarbons in soils. In: 
Disposal of Hazardous Waste. Proceedings of the 6th Annual Research Symposium held at Chicago, 
Illinois 1 7-20 March 1980. Southwest Research Inst., prepared for Municipal Environmental Research 
Lab., United States Environmental Protection Agency, Cincinatti, OhiO, pp. 82-92. (EPA - 600/9-80- 
O10). 

Grimalt, J.O., J.l. Gomez-Belinchon. R. Llop and J. Albaiges. 1988. Water-phase distribution of 
hexachlorobenzene in a deltaic environment (Ebre Delta, Western Mediterranean). Chemosphere 17: 
1893-1903. 

Guerzoni, M.E., L. Del Cupolo and I. Ponti. 1976. [Mutagenic activity of pesticides] Riv. Sci. Tech. 
Alim. Nutr. Um. 6: 161-165 (in Italian). 

Gunderson, EL. 1988. FDA Total Diet Study, April 1982-April 1984, dietary intakes of pesticides, 
selected elements, and other chemicals. J. Assoc. Off. Anal. Chem. 71: 1200-1209. 

Gunderson, E.L. Undated. FDA Total Diet Study -- Residue Levels of Compounds Found in Individual 
Foods (April 1.982-April 1986). Data tables distributed by the Association of Official Analytical 
Chemists, Arlington, Virginia. 

Halfon, E. and 3.6. Oliver. 1985. Validation of TOXFA TE, a Contaminant Fate Model for a Large Lake 
System (Lake Ontario). National Research Water Institute, Canada Centre for Inland Waters, Burlington, 
Ontario NRWI Contribution 85-27, 15pp. 

Hallett, D.J., R.J. Norstrom, F.l. Onuska and ME. Comba. 1982. Incidence of chlorinated benzenes 
and chlorinated ethylenes in Lake Ontario herring gulls. Chemosphere 11: 277-285. 

Hamdy, Y. and L. Post. 1985. Distribution of mercury, trace organics, and other heavy metals in 
Detroit River sediments. J. Great Lakes Res. 11: 353-365. 

Hansen, L.G., S.B. Dorn, S.M. Sundlof and R.S. Vogel. 1978. Toxicity, accumulation and depletion 
of hexachlorobenzene in laying chickens. J. Agric. Food Chem. 26: 1369-1374. 

NHW/DOE, June 1993



CEPA Supporting Documentation 
‘ 

109 
Hexachlorobenzene 

Hansen. L.G., J. Simon, 8.8. Dorn and RH. Teske. 19793. Hexachlorobenzene distribution in tissues 
of swine. Toxicol. Appl. Pharmacol. 51: 1-7. 

Hansen, L.G., R.H. Teske, S.M. Sundlof and J. Simon. 1979b. Hexachlorobenzene and feline 
reproduction: effects of ground pork contaminated by dietary exposure or spiked with purified HCB. 
Vet. Human Toxicol. 21: 248-253. ' 

Hansen, P.D., H. van Westernhagen and H. Rosenthal. 1985. Chlorinated hydrocarbons and hatching 
success in Baltic herring spring spawners. Mar. Environ. Res. 15: 59-76. 

Haque, A. and W. Ebing. 1983. Uptake, accumulation, and elimination of HCB and 2,4-D by the 
terrestrial slug, Deroceras reticulatum (Muller). Bull. Environ. Contam. Toxicol. 31: 727-733. 

Hargrave, B.T., W.P. Vass, P.E. Erickson and B.R. Fowler. 1989. Distribution of Chlorinated 
Hydrocarbon Pesticides and PCBs in the Arctic Ocean. Can. Tech. Rep. Fish. Aquatic Sci. 1644. 

Hart, C.J. 1989. 1983 Niagara River tributary survey - Final report. Prepared for Water Resources 
Branch, Ontario Ministry of the Environment. 49 pp. (Reprint) ’ 

Hawker, D.W. and D.W. Connell. 1985. Relationships between partition coefficient, uptake rate 
constant, clearance rate constant and time to equilibrium for bioaccumulation. Chemosphere 14: 1205- 
1219. 

Haworth, S., T. Lawlor, K. Mortelmans, W. Speck and E. Zeiger. 1983. Salmonella mutagenicity test 
results for 250 chemicals. Environ. Mutagen. Suppl. 1: 3-142. 

Heidmann, W.A. 1986. Hexachlorobenzene residues in selected species of land and sea birds in 
nothern Germany. In: Morris, C.R. and J.R.P. Cabral. Hexachlorobenzene: Proceedings of an 
International Symposium, held at IARC, Lyon, France, 24-28 June 1985. International Agency for 
Research on Cancer, IARC Scientific Publications No. 77, Lyon, France, pp. 223-228. 

Heikes, D.L. 1980. Residues of pentachloronitrobenzene and related compounds in peanut butter. Bull. 
Environ. Contam. Toxicol. 24: 338-343. - 

Heldaas, 5.8., S. Langard and A. Andersen. 1989. Incidence of cancer in a cohort of magnesium 
production workers. Brit. J. Ind. Med. 46: 617-623. 

Herren-Freund, S.L. and MA. Pereira. 1986. Carcinogenicity of by-products of disinfection in mouse 
and rat liver. Environ. Health Perspect. 69: 59-65. 

Hill, E.F., R.G. Heath, J.W. Spann and JD. Williams. 1975. Lethal Dietary Toxicities of Environmental 
Pollutants to Birds. United States Fish and Wildlife Service, Washington, D.C. (Special Scientific 
Report - Wildlife No. 191 ). 

Hirsh, M. and O. Hutzinger. 1989. Naturally occurring proteins from pond water sensitize 
hexachlorobenzene photolysis. Environ. Sci. Technol. 23: 1306-1307. 

NHW/DOE, June 1993



CEPA Supporting Documentation 1 1o 
Hexachlorobenzene 

Holm, J. 1988. Wildlife as an indicatior for environmental contaminants in monitoring systems. In: 
Vinse, S.A., R. Zeisler, G.M. Goldstein, eds. Progress in Environmental Specimen Banking. United States 
Department of Commerce, National Bureau of Standards Special Publication 740, pp. 143-155. 

Howard, P.H., R.S. Boethling, W.F. Jarvis, W.M. Meylan, E.M. Michalenko. 1991. Handbook of 
Environmental Degradation Rates. In: H. Taup, ed.. Lewis Publishers, Chelsea, Michigan. 

Huang, Y., G.R. Biddinger and S.P. Gloss. 1986. Bioaccumulation of "C-hexachlorobenzene in eggs 
and fry of Japanese medaka (Oryzias Iatipes). Bull. Environ. Contam. Toxicol. 36: 437-443. 

Hyatt, W.H., J.D. Fitzsimons, M.J. Keir and OM. Whittle. 1986. Biological Tissue Archive Studies. 
Great Lakes Fisheries Research Branch, Canada Centre for Inland Waters, Burlington, Ontario. 
December 1986, Canadian Technical Report Fisheries and Aquatic Sciences No. 1497. 

IARC. 1979. Hexachlorobenzene. IARC Monogr. 20: 155-178. 

IARC. 1987. Hexachlorobenzene. IARC Monogr. Suppl. 7: 219-220. 

Iatropoulos, M.J., A. Milling, W.F. Miller, G. Nohynek, K. Rozman, F. Coulston and F. Korte. 1975. 
Absorption, transpOrt and organotropism of dichlorobiphenyl (DCB), dieldrin, and hexachlorobenzene 
(HCB) in rats. Environ. Res. 10: 384-389. 

Iatropoulos, M.J., W. Hobson, V. Knauf and HP Adams. 1976. Morphological effects of 
hexachlorobenzene toxicity in female rhesus monkeys. Toxicol. Appl. Pharmacol. 37: 433-444. 

IJC (International Joint Commission). 1989. 1987 Report on Great Lakes Water Quality. Great Lakes 
surveillance. Rathke, DR and G. McRae eds. Report to the International Joint Commission, Windsor, 
Ontario. 

lkemoto, Y., K. Motoba, T. Suzuki and M. Uchida. 1992. Quantitative structure-activity relationships 
of nonspecific and specific toxicants in several organism species. Environ. Toxicol. Chem. 11: 931- 
939. 

lngebritsen, K. 1986. Comparative studies on the distribution and excretion of 1‘C-hexachlorobenzene 
by whole-body autoradiography. In: Morris, C.R. and J.R.P. Cabral, eds. Hexachlorobenzene: 
Proceedings of an International Symposium, held at IARC, Lyon, France, 24-28 June 1985. 
International Agency for Research on Cancer, IARC Scientific Publications No. 77, Lyon, France, pp. 
277-285. 

lngebritsen, K., J.U. Skaare, I. Nafstad and M. Forde. 1981. Studies on the biliary excretion and 
metabolites of hexachlorobenzene in the rat. Xenobiotica 11: 795-800. 

Innes, D., B. Muncaster, R. Lazar, D. Haffner and P. Hebert. 1988. Monitoring of organic contaminants 
using freshwater mussels. Proceedings Environmental Research Technology Transfer Conference, Nov. 
30—Dec. 1, 1987, Royal York Hotel, Part 8: Water Quality Research. Environment Ontario, Ontario, 
Canada. 

NHW/DOE, June 1993



CEPA Supporting Documentation 1 1 1 

Hexachlorobenzene 

lsensee, A.R.. E.R. Holden, E.A. Woolson and GE. Jones. 1976. Soil persistence and aquatic 
bioaccumulation potential of hexachlorobenzene (HCB). J. Agric. Food Chem. 24: 1210-1214. 

lshidate, M.Jr. 1988. Data Book of ChromosomalAberration Test in vitro. Elsevier, Amsterdam-New 
York-Oxford. 

Jacoff, F.S.. R. Scarberry and D. Rosa. 1986. Saurce assessment of hexachlorobenzene from the 
organic chemical manufacturing industry. Morris C.R. and J.R.P. Cabral, eds. Hexachlorobenzene: 
Proceedings of an International Symposium, held at IARC, Lyon, France, 24-28 June 1985. 
International Agency for Research on Cancer, IARC Scientific Publications No. 77, Lyon, France, pp. 
31-37. 

Jaffe, R. and R.A. Hites. 1986. Anthropogenic, polyhalogenated, organic compounds in non-migratory 
' 

fish from the Niagara River area and tributaries to Lake Ontario. J. Great Lakes Res. 12: 63-71. 

Jansson, B. and A. Bergman. 1978. Sulfur-containing metabolites of hexachlorobenzene lHCB) 
metabolites in the rat. Chemosphere 7: 257-268. 

Jarrell, J.C. Franklin, D. Villeneuve, C. Zounes, W. Wricon, J. Kohut.1990. Human ovarian follicular 
fluid contamination in three Canadian cities. Abstract, Meet-ing of the Society of Obstetricians and 
Gynecologists, Halifax, June 16-23, 1990. - 

Johnson, GO. and RB. Kauss. 1987. Estimated Contaminant Loadings in the St. Clair and Detroit 
Rivers - 1984. Ontario Ministry of the Environment, Great Lakes Section, Water Resources Branch, 54 
pp. (ISBN 0-7729-3264-6). 

Johnson, G., Y. Hamdy, B. Hawkins, M. Jackson, G. Johnson, W. Scheider and S. Thornley. 1987. 
St. Clair River Misa Pilot-site investigation: preliminary report. Ontario Ministry of the Environment, 
Volume I: Part I, 57 pp. - 

Johnson, W.W. and MT. Finley. 1980. Handbook of Acute Toxicity of Chemicals to Fish anquatic 
Invertebrates. United States Department of the Interior, Fish and Wildlife Service, Resource Publication 
137, Washington, D.C. 98 pp. 

Kaiser, K.L.E. 1982. Early trend determination of organochlorine contamination from residue ratios on 
the sea lamprey (Petromyzon marinas) and its lake whitefish (Coregonus clupeaformis) host. Can. J. 
Fish. Aquat. Sci. 39: 571-579. 

Kaiser, K.L.E., B.G. Oliver, M.N. Charlton, K.D. Nicol and ME. Comba. 1990. Polychlorinated biphenyls 
in St. Lawrence River sediments. Sci. Total Environ. 97/98: 495-506. 

Kaminsky, R., K.L.E. Kaiser and R.A. Hites. 1983._ Fates of organic compounds from Niagara Falls 
dumpsites in Lake Ontario. J. Great Lakes Res. 9: 183-189 

Kan, C.A. and L.G.M. Tuinstra. 1976. Accumulation and excretion of certain organochloride 
insecticides in broiler breeder hens. J. Agric. Food Chem. 24: 775-778. 

NHW/DOE, June 1993



CEPA Supporting Documentation 1 12 
Hexachlorobenzene 

Karickhoff. SW. and KR Morris. 1985. Impact of tubificid oligochaetes on pollutant transport in 
bottom sediment. Environ. Sci. TechnoL 19; 51-56, 

Kasokat, T., R. Nagel and K. Urich. 1989. Metabolism of chlorobenzene and hexachlorobenzene by 
the zebra fish, Brachydanio rerio. Bull. Environ. Contam. Toxicol. 42: 254-261. 

Kauss, PB. and Y.S. Hamdy. 1985. Biological monitoring of organochlorine contaminants in the St. 
Clair and Detroit Rivers using introduced clams, Elliptic complanatus. J. Great Lakes Res. 11: 247-263. 

Kauss, P.B. and LE. Post. 1987. Contaminant concentrations in bottom sediments of the Sir Adam 
Beck Power Reservoir in Niagara River bar dredgeate. Ontario Ministry of the Environment, Water 
Resources Branch, Great Lakes Section, 40 pp. 

Kauss, P.B. and Y.S. Hamdy and 8.8. Hanna. 1988. St. Lawrence River Environmental Investigations - 

Background: Assessment of water, sediment and biota in the Cornwall, Ontario and Massena, New 
York section of the St. Lawrence River 1979-1982. Ontario Ministry of the Environment, Great Lakes 
Section, Water Resources Branch, Toronto, Ontario, Volume 1, 123 pp. (ISBN 0-7729-3559-9). 

Kelly, T.J., J.M. Czuczwa, P.R. Sticksel, G.M. Sverdrup, P.J. Koval and R.F. Hodanbosi. 1991. 
Atmospheric and tributary inputs of toxic substances to Lake Erie. J. Great Lake Res. 17: 504-516. 

Kennedy, SW. and D.C. Wigfield. 1990. Dose-response relationships in hexachlorobenzene-induced 
porphyria. Biochem. Pharmacol. 40: 1381-1388. 

Kennedy, S.W., D.C. Vnield and GA. Fox. 1986. The delay in polyhalogenated aromatic 
hydrocarbon-induced porphyria: mechanistic reality or methodological artefact? Toxicol. Lett. 31: 235- 
241. 

Kessabi, M., A. Elhraiki and B. Nader. 1988. Contamination of urban, industrial and continental waters 
by chlorinated hydrocarbon pesticides along the Mediterranean coast of Morocco. Sci. Total Environ. 
71: 209-214. 

Khera, K.S. 1974. Teratogenicity and dominant lethal studies on hexachlorobenzene in rats. Fd. 
Cosmet. Toxicol. 12: 471-477. 

Kilzer, L., I. Scheunert, H. Geyer, W. Klein and F. Korte. 1979. LaboratOry screening of the 
volatilization rates of organic chemicals from water and soil. Chemosphere 10: 751-761. 

Kimbrough, RD. and R.E. Linder. 1974. The toxicity of technical hexachlorobenzene in the Sherman 
rat strain. A preliminary study. Res. Commun. Chem. Pathol. Pharmacol. 8: 653-664. 

King, L. and G. Sherbin. 1986. Point sources of toxic organics to the upper St. Clair River. Water 
Pollut. Res. J. Canada 21: 433-446. 

Kinloch, D., H. Kuhnlein and D. Muir. 1992. Inuit foods and diet: a preliminary assessment of benefits 
and risks. Sci. Total Environ. 122: 247-278. 

‘ NHW/DOE, June 1993



CEPA_ Supporting Documentation 1 13 
Hexachlorobenzene 

Kirk. P-W-W., H.R. Rogers and J.N. Lester. 1989. The fate of chlorobenzenes and permethrins during 
anaerobic sewage sludge digestion. Chemosphere 18: 1771-1784. 

Kitchin, K.T. and J.L. Brown. 1989. Biochemical studies of promoters of carcinogenesis in rat livers. 
Terat. Carcin. Mutagen. 9: 273-285. 

Kitchin, K.T., R.E. Linder, T.M. Scotti, D. Walsh, A.0. Curley and D. Svendsgaard. 1982. Offspring 
mortality and maternal lung pathology in female rats fed hexachlorobenzene. Toxicology 23: 33-39. 

Kleiman de Pisarev, D.L., H.A. Sancovich and A.M..Ferramola de Sancovich. 1989. Enhanced thyroxine 
metabolism in hexachlorobenzene-intoxicated rats. J. Endocrinol. Invest. 12: 767-772. 

Kleiman de Pisarev, D.L., M. C. Rios de Molina and LC. San Martin de Viale. 1990. Thyroid function 
and thyroxine metabolism in hexachlorobenzene-induced porphyria. Biochem. Pharmacol. 39: 817-825. 

Klosowski, R., I. Scheunert, W. Klein and F. Korte. 1981. LabOratory screening of distribution. 
convertion and mineralization of chemicals in the soil-plant-system and comparison to outdoor 
experimental data. Chemosphere 10: 1088-1100. 

Knezovich, JP. and F.L. Harrison. 1988. The bioavailability of sediment-sorbed chlorobenzenes to 
larvae of the midge, Chironomus decorus. Ecotoxicol. Environ. Safety 15: 226-241. 

Kohler, A., U. Harms and B. Lukas. 1986. Accumulation of organochlorines and mercury in flounder-an 
approach to pollution assessments. Helgolander Meeresunters 40: 431-440. 

Koizumi, A. 1991. Experimental evidence for the possible exposure of workers to hexachlorobenzene 
by skin contamination. Brit. J. lndust. Med. 48:622-628. 

Konemann, H. 1981. Quantitative structure-activity relationship in fish toxicity studies. Toxicology 
19: 209-221. 

Konemann, H. and K. van Leeuwen. 1980. Toxicokinetics in fish: accumulation and elimination of six 
chlorobenzenes by guppies. Chemosphere 9: 3-19. 

Kosian, P., A. Lemke, K. Studders and G. Veith. 1981. The Precision of the ASTM Bioconcentrat/‘on 
Test. Environmental Research Laboratory-Duluth, United States Environmental Protection Agency, 
Duluth, Minnesota, and Center for Lake Superior Environmental Studies, University of Wisconsin- 
Superior, Superior, Wisconsin, 24 pp. (EPA - 600/3-81/0221. 

Koss, G. and D. Manz. 1976. Residues of hexachlorobenzene in wild mammals of Germany. Bull. 
Environ. Contam. Toxicol. 15: 189-191. 

Koss, G. and W. Koransky. 1975. Studies on the toxicology of hexachlorobenzene. I. 

Pharmacokinetics. Arch. Toxicol. 34: 203-212. 

Koss, G and W. Koransky. 1978. Pentachlorophenol in different species of vertebrates after . 

administration of hexachlorobenzene and pentachlorobenzene. in: K. Range Rao, ed. 
Pentachlorophenol. Plenum Press, New York, pp. 131-137. 

NHW/DOE, June 1993



CEPA Supporting Documentation 1 14 
Hexachlorobenzene 

Koss, G., W. Koransky and K. Steinbach, 1976, studies on the toxicology of hexachlorobenzene. ll. 

Identification and determination of metabolites. Arch. Toxicol. 35: 107-1 14. 

Koss, G. 5- Seubert. A- Seuben. W. Koransky and H. Ippen. 1978a. Studies on the toxicology of 
hexachlorobenzene. III. Observations in a long-term exposure. Arch. Toxicol. 40: 285-294. 

Koss. G., J.J.T.W.A. Strik and C.A. Kan. 1978b. Metabolites of hexachlorobenzene in the excreta of 
different animal species. Int. Congress. Excerpt. Medica. 440: 211-212. 

Koss, G., A. Reuter and W. Koransky. 1986. Excretion of metabolites of hexachlorobenzene in the rat 
and in man. In: Morris, C.Fl. and J.Fl.P. Cabral, eds. Hexach/orobenzene: Proceedings of an International 
Symposium, held at IARC, Lyon, France, 24-28 June 1985. International Agency for Research on 
Cancer, IARC Scientific Publications No. 77, Lyon, France, pp. 261-266. 

Kramer, W. and K. Ballschmiter. 1988. Global baseline pollution studies XII. Content and pattern of 
‘polychloro-cyclohexanes (HCH) and -bi-phenyls (PCB), and content of hexachlorobenzene in the water 
column of the Atlantic Ocean. Fresenius 2. Anal. Chem. 330: 524-526. 

Krewski, D., D. Gaylor and M. Szyszkowicz. 1991 . A model-free approach to low-dose extrapolation. 
Environ. Health Perspect. 90: 279-285. 

Krishnan, K., J. Brodeur and M. Charbonneau. 1991. Development of an experimental model for the 
study of hexachlorobenzene-induced hepatic porphyria in the rat. Fund. Appl. Toxicol. 17: 433-441. 

Kubiak, T.J., H.J. Harris, L.M. Smith, T.FI. Schwartz, D.L. Stalling, J.A. Trick, L. Sileo, D.E. Docherty 
and T.C. Erdman. 1989. Microcontaminants and reproductive impairment of the Forster's Tern on 
Green Bay, Lake Michigan-1983. Arch. Environ. Contam. Toxicol. 18: 706-727. 

Kuehl, D.W., E.N. Leonard, B.C. Butterworth and K.L. Johnson. 1983. Polychlorinated chemical 
residues in fish from major watersheds near the Great Lakes, 1979. Environ. lnternat. 9: 293-299. 

Kuhnlein, H. 1989. Nutritional and toxicological components of Inuit diets in Broughton Island, 
Northwest Territories. October 1989, Contract repart presented to Elaine Berthelet, Assistant Deputy 
Minister, Department of Health, Northwest Territories, Yellowknife. 

Kuiper-Goodman, T., D.L. Grant, C.A. Moodie, G.O. Korsrud and LC. Munro. 1977. Subacute toxicity 
of hexachlorobenzene in the rat. Toxicol. Appl. Pharmacol. 40: 529-549. 

Kuntz, K.W. 1984. Toxic Contaminants in the Niagara River, 1975-1982. Water Quality Branch, 
Environment Canada, Burlington, Ontario, Tech. Bull. No. 134, 47 pp. 

Kuntz, K.W. (unpubl). Niagara River Data Files: 198687; 87-88; 88-89. Environment Canada, National 
Water Research Institute, Burlington, (Unpublished Data). 

Kuntz, K.W. 1988. Contaminants in Bottom Sediments of the St. Lawrence River in June, 1975. 
Water Quality Branch, Environment Canada, Burlington, Ontario, Tech. Bull. No. 134, 18 pp. 

NHW/DOE, June 1993



CEPA Supporting Documentation 1 15 
Hexachlorobenzene 

Kuntz, K.W. and ND. Warry. 1983. Chlorinated organic contaminants in water and suspended 
sediments of the lower Niagara River. J. Great Lakes Res. 9: 241-248. 

Kuroda, Y. 1986. Genetic and chemical factors affecting chemical mutagenesis in culture mammalian 
cells. In: Shankel, D.M. et al., eds. Ant/'mutagenesis and Ant/carcmogenesis Mechanisms. Plenum 
Press, New York and London. pp. 359-375. 
Lachmaniuk, P. 1991. Personal communication, February 1, 1991. Results from Ontario Ministry of 
the Environment, Drinking Water Surveillance Program. 

Lambrecht, R.W., P.R. Sinclair, W.J. Bement, J.F. Sinclair, H.M. Carpenter, D.R. Buhler, A.J. Urquhart 
and G.H. Elder. 1988. Hepatic uroporphyrin accumulation and uroporphyrinogen decarboxylase 
activity in cultured chick-embryo hepatocytes and in Japanese quail (Corumix corurnix japan/ca) and 
mice treated with polyhalogenated aromatic hydrocarbons. Biochem. J. 253: 131-138. 

Lambrecht, R.W., E. Ertflrk, E.E. Grunden, D.B. Headley, H.A. Peters, C.R. Morris and G.T. Bryan. 
1982a. Renal toxicity and tumorigenicity of hexachlorobenzene (HCB) in rats (R). Proc. Am. OAssoc. 
Cancer Res. 23: 54 (abstract). 

Lambrecht, R.W., E. Ertfirk, E. Grunden, D.B. Headley, C.R. Morris, H.A. Peters and G.T. Bryan. 
1982b. Hepatotoxicity and tumorigenicity of hexachlorobenzene (HCB) in Syrian golden hamsters (H) 
after subchronic administration. Fed. Proc. 41: 329 (abstract). 

Lambrecht, R.W., E. ErtUrk, E.E. Grunden, H.A. Peters, C.R. Morris and G.T. Bryan. 1983a. 
Hepatocarcinogenicity of chronically administered hexachlorobenzene in rats. Fed. Proc. 42: 786 
(abstract). 

Lambrecht, R.W., E. ErtOrk, E.E. Grunden, H.A. Peters, C.R. Morris and G.T. Bryan. 1983b. Renal 
tumors in rats (R) chronically exposed to hexachlorobenzene (HCB). Proc.»Am. Assoc. Cancer Res. 
24:59 (abstract). 

Landrum, P.F. 1989. Bioavailability and toxicokinetics of polycyclic aromatic hydrocarbons sorbed to 
sediments for the amphipod Pontoporeia hoyi. Environ. Sci. Technol. 23: 588-593. 

Landrum, P.F., W.R. Faust and B.J. Eadie. 1989. Bioavailability and toxicity of a mixture of sediment- 
associated chlorinated hydrocarbons to the amphipod Ponroporeia hoyi. In: Cowgill, U.M. and LR. 
\Mlliams, eds. Aquatic Toxicology and HazardAssessment: 72th volume, ASTM STP 1027. American 
Society for Testing and Materials, Philadelphia, Pennsylvania. 

Lane, D.A., N.D. Johnson, M-J.J. Hanley, W.H. Schroeder and D.T. 0rd. 1992a. Gas- and particle- 
phase concentrations of a-hexachlorocyclohexane, y-hexachlorocyclohexane, and hexachlorobenzene 
in Ontario air. Environ. Sci. Technol. 26:126-133. 

Lane, D.A., W.H. Schroeder and ND. Johnson. 1992b. On the spatial and temporal variations in 
atmospheric concentrations of hexachlorobenzene and hexachlorocyclohexane isomers at several 
locations in the province of Ontario, Canada. Atmos. Environ. 26A: 31-42. 

NHW/DOE. June 1993



CEPA Supporting Documentation 116 
Hexachlorobenzene 

Laseter J.L., C.l<. Bartell, A.L. Laska, D.G. Holmquist, D.B. Condie, J.W. Brown and FLL. Evans. 1976. 
An Ecological Study of Hexachlorobenzene (HCBl. Department of Biological Sciences, University of 
New Orleans, prepared for Office of Toxic Substances, United States Environmental Protection Agency. 
Washington, D.C., 62 pp. (EPA - 560/6-76-009). 

Laska, A.L., C. Bartell and J.L. Laster. 1976. Distribution of hexachlorobenzene and 
hexaChIOI'Obutadiene in water. soil. and selected aquatic organisms along the lower Mississippi River, 
Louisiana. Bull. Environ. Contam. Toxicol. 15: 535-542. 

Laska, A.L., C.K. Bartell, D.B. Condie, J.W. Brown, B.L. Evans and J.L. Laseter. 1978. Acute and 
chronic effects of hexachlorobenzene and hexachlorobutadiene in red swamp crayfish (Procembarus 
clerk/1 and selected fish species. Toxicol. Appl. Pharmacol. 43: 1-11. 

Lau, _Y.L., B.G. Oliver and B.G. Krishnappan. 1989. Transport of some chlorinated contaminants by 
the water, suspended sediments, and bed sediments in the St. Clair and Detroit Rivers. Environ. 
Toxicol. Chem. 8: 293-301. 

Lee ll, H., B.L. Boese, R.C. Randall and J. Pelletier. 1990. A method for determining gut uptake 
efficiencies of hydrophobic pollutants in a deposit-feeding clam. Environ. Toxicol. Chem. 9: 215-219. 

Leger, D.A. 1991. Environmental Concentrations of Hexachlorobenzene in Atlantic Canada. 
Environment Canada, Conservation and Protection, Water Quality Branch, Moncton, New Brunswick, 
47 pp. 

Leoni, V. and S.U. D’Arca. 1976. Experimental data and critical review of the occurrence of 
hexachlorobenzene in the Italian environment. Sci. Total Environ. 5: 253-272. 

Li, R.T., J.L. Spigarelli and J.E. Going. 1976. Sampling and Analysis of Selected Toxic Substances. 
Task 1A - Hexachlorobenzene. Midwest Research Institute contract repert to Office of Toxic 
Substances, U.S. Environmental Protection Agency, Washington, D.C. PB-243690. 

Ligocki, M.P., C. Leuenberger and J.F. Pankow. 1985. Trace organic compounds in rain-II. Gas 
scavenging of neutral organic compounds. Atmos. Environ. 19: 1609-1617. 

Linder, R.E., T.R. Edgerton, D.J. Svendsgaard and R.F. Moseman. 1983. Long-term accumulation of 
hexachlorobenzene in adipose tissue of parent and filial rats. Toxicol. Lett. 15: 237-243. 

Linko, P., H.N. Yeowell. T.A. Gasiewicz and J.A. Goldstein. 1986. Induction of cytochrome P-450 
isozymes by hexachlorobenzene'in rats and aromatic hydrocarbon (Ahl-responsive mice. J. Biochem. 
Toxicol. 1: 95-107. 

Loose, L.D. 1982. Macrophage induction, of T-suppressor cells in pesticide-exposed and protozoan- 
infected mice. Environ. Health Perspectives 43: 89-97. 

Loose, L.D, J.B. Silkworth, K.A. Pittman, K.-F. Benitz and W. Mueller. 19783. Impaired host resistance 
to endotoxin and malaria in polychlorinated biphenyl- and hexachlorobenzene-treated mice. Infect. 
lmmun. 20: 30-35. 

NHW/DOE, June 1993



CEPA Supporting DOCUmentation 1 17 
Hexachlorobenzene 

Loose, L.D., K.A. Pittman, K.-F. Benitz, J.B. Silkworth, W. Mueller and F. Coulston. 1978b. 
Environmental chemical-induced immune dysfunction. Ecotoxicol. Environ. Safety 2: 173-198. 
Loose, L.D., J.B. Silkworth, T. Charbonneau and F. Blumenstock. 1981. Environmental chemical- 
induced macrbphage dysfunction. 39: 79-92. 

Lu, P. and R.L. Metcalf. 1975. Environmental fate and biodegradability of benzene derivatives as 
studied in a model aquatic ecosystem. Environ. Health Perspect. 10: 269-284. 

Mackay, D. and P.J. Leinonen. 1975. Rate of evaporation of low-solubility contaminants from water 
bodies to atmosphere. Environ. Sci. Technol. 9: 1178-1 180. 

Mackay, D. and A.W. Wolkoff. 1973. Rate of evaporation of low-solubility contaminants from water 
bodies to atmosphere. Environ. Sci. Technol. 7: 611-614. 

Mackay, D., S. Paterson, B. Cheung and W. Neely. 1985. Evaluating the environmental behavior of 
chemicals with a level III fugacity model. Chemosphere 14: 335-374. 

Mackay, D., W.Y. Shiu and K.C. Ma. 1992. The Illustrated Handbook of Physical-Chemical Properties 
and Environmental Fate for Organic Chemicals. Vol. l., Monoaromatic hydrocarbons, chlorobenzenes 
and PCBs. Lewis Publishers, lnc., Ml, U.S.A.. 697 pp. 

MacLaren Marex Inc. 1979. Report on an environmental survey for chlorobenzenes at four coastal 
sites in Nova Scotia. Prepared for Environmental Protection Service, Environment Canada, Darmouth, 
Nova Scotia. 

Mallhot, H. 1987. Prediction of algal bioaccumulation and uptake rate of nine organic compounds by 
ten physicochemical properties. Environ. Sci. Technol. 21: 1009-1013. 

Manson, M.M. and A.G. Smith. 1984. Effect of hexachlorobenzene on male and female rat hepatic 
gamma‘glutamyl transpeptidase levels. Cancer Letters 22: 227-234. 

Mansour, M., l. Scheunert, R. Viswanathan and F. Korte. 1986. Assessment of the persistence of 
hexachlorobenzene in the ecosphere. ln: Morris, C.R. and J.R.P. Cabral, eds. Hexachlorobenzene: 
Proceedings of an International Symposium, held at IARC, Lyon, France, 24-28 June 1985. 
International Agency for Research on Cancer, IARC Scientific Publications No. 77, Lyon, France, pp. 
53-59. 
Marsalek, J. 1986. Municipal sources of selected trace organics in Sarnia. Water Pollut. Res. J. 
Canada 21: 422-432. 

Matheson, R.A.F., E.A. Hamilton, A. Trites and D. Whitehead. 1980. Chlorinated Benzenes in Herring 
Gull and Double-crested Cormorant. Eggs from Three Locations in the Maritime Provinces. 
Environmental Protection Service, Atlantic Region, Halifax, N.S. Canada, 37 pp. (EPS-S-AR-80-1l. 

Matheson, R.A.F. and V.l. Bradshaw. 1985. The Status of Selected Environmental Contaminants in 
the Baie des Cha/eurs Ecosystem. Environment Canada, Environmental Protection Service, Atlantic 
Region, 39 pp. (EPS-S-Ar~85-3l. 

NHW/DOE, June 1993



CEPA Supporting Documentation ‘18 
Hexachlorobenzene 

Matthews, H.B. 1986. Factors determining hexachlorobenzene distribution and persistence in higher 
animals. In: Morris, C.R. and J.B.P. Cabral, eds. Hexachlorobenzene: Proceedings of an International 
Symposium, held at IARC, Lyon, France, 24-28 June 1985. International Agency for Research on 
Cancer, IARC Scientific Publications No. 77, Lyon, France. pp. 253-260. 

McCarty, LS. 1986. The relationship between aquatic toxicity OSARs and bioconcentration for some 
organic chemicals. Environ. Toxicol. Chem. 5: 1071-1080. 

McCarty, L.S., D. Mackay, A.D. Smith, G.W. Ozburn and D.G. Dixon. 1992a. Residue-based 
interpretation of toxicity and bioconcentration OSARs from aquatic bioassays: neutral narcotic 
organics. Environ. Toxicol. Chem. 11: 917-930. 

McCarty, L.S., G.W. Ozburn, A.D. Smith and D.G. Dixon. 1992b. Toxicokinetic modeling of mixtures 
of organic chemicals. Environ. Toxicol. Chem. 11: 1037-1047. 

McConnell LL. 1992. Ph.D. Thesis, Universisty of South Carolina, Columbia, S.C. 

McLeese, D.W. and CD. Metcalfe. 1980. Toxicities of 8 organochlorine compounds in sediment and 
seawater to Crangon semptemspinosa. Bull. Environ. Contam. Toxicol. 25: 921-928. 

McLeod, H.A., D.C. Smith and N. Bluman. 1980. Pesticide residues in the total diet in Canada. V. 
1976 to 1978. J. Food Safety. 2: 141-164. 

Mehendale, H.M., M. Fields and H.B. Matthews. 1975. Metabolism and effects of hexachlorobenzene 
on hepatic microsomal enzymes in the rat. J. Agr. Food Chem. 23: 261-265. 

Mendoza, C.E., D.L. Grant and J.B. Shields. 1975. Body burden of hexachlorobenzene in suckling rats 
and its effects on various organs and on liver porphyrin accumulation. Environ. Physiol. Biochem. 5: 
460-464. 

Mendoza, C.E., B. Collins, J.B. Shields and G.W. Laver. 1977. Hexachlorobenzene residues and effects 
on esterase activities in pre-weanling rats after a reciprocal transfer between HCB-treated and control 
dams. Arch. Toxicol. 38: 191-199. 

Mendoza, C.E., B.T. Collins, J.B. Shields and G.W. Laver. 1978. Effects of hexachlorobenzene or 
hexabromobenzene on body and organ weights of preweanling rats after a reciprocal transfer between 
the treated and control dams. J. Agric. Food Chem. 26: 941-945. 

Mendoza, C.E., J.B. Shields and G.W. Laver. 1979. Comparison of the porphyrinogenic activity of 
hexabromobenzene and hexachlorobenzene in primiparous Wistar rats. Bull. Environ. Contam. Toxicol. 
21: 358-364. 

Merriman, J.C. 1987. Trace Organic Contaminants in Sediment of the International Section of the St. 
Lawrence River, 1987. lnland Waters/Lands Dir., Water Quality Branch, Environment Canada, 
Burlington, Ontario, Technical Bull. No. 148, 10 pp. 

Merriman, J.C. 1988. Distribution of organic contaminants in water and suspended solids of the Rainy 
River. Water Pollut. Res. J. Canada. 23: 590-600. 

NHW/DOE, June 1993



CEPA Supponing Documentation 1 19 
Hexachlorobenzene 

Mes, J. 1990. Trends in the levels of some chlorinated hydrocarbon residues in adipose tissue of 
Canadians. Environ. Pollut. 65: 269-278. 

Mes, J., and D.J. Davies. 1979. Presence of polychlorinated biphenyl and organochlorine pesticide 
residues and the absence of polychlorinated terphenyls in Canadian human milk samples. Bull. Environ. 
Contam. Toxicol. 21: 381-387. 

Mes, J., 0.8. Campbell, R.N. Robinson and D.J.A. Davies. 1977. Polychlorinated biphenyl and 
organochlorine pesticide residues in adipose tissue of Canadians. 1977. Bull. Environ. Contam. Toxicol. 
17: 196-203. 
Mes, J., D.J. Davies and D. Turton. 1982. Polychlorinated biphenyl and other chlorinated hydrocarbon 
residues in adipose tissue of Canadians. Bull. Environ. Contam. Toxicol. 28: 97-104. 

Mes, J., D.J. Davies, D. Turton and W.-F. Sun. 1986. Levels and trends of chlorinated hydrocarbon 
' contaminants in the breast milk of Canadian women. Food Addit. Contam. 3: 313-322. 

Mes, J., L. Marchand and D.J. Davies. 1990. Organochlorine residues in adipose tissue of Canadians. 
Bull. Environ. Contam. Toxicol. 45: 681-688. 

Metcalfe, J.L. and Charlton MN. 1989. Freshwater Mussels as Biomonitors for Organic Industrial 
Contaminants and Pesticides in the St. Lawrence River. National Water Research Institute, Burlington, 
Ontario (RRB-89-11). 

Mill, T. and W. Haag. 1986. The environmetal fate of hexachlorobenzene. In: Morris, OR. and J.R.P. 
Cabral. Hexach/orabenzene: Proceedings of an International Symposium, held at lARC, Lyon, France, 
24-28 June 1985. International Agency for Research on Cancer, lARC Scientific Publications No. 77, 
Lyon, France, pp. 61-66. 

Mineau, P., G.A. Fox, R.J. Norstrom, D.V. Weseloh, D.J. Hallett and J.A. Ellenton. 1989. Using the 
herring gull to monitor levels and effects of organochlorine'contamination in the Canadian Great Lakes. 
In: Nriagu, JD. and MS. Simmons, eds. Toxic Chemicals in the Great Lakes. Wiley, Chapter 19, DD. 
425-452. 

MOE (Ontario Ministry of the Environment). 1987. St. Clair River MISA pilot-site investigation. 
Preliminary report, Volume 1, Ontario Ministry of the Environment, Toronto, Ontario, 57 pp. 

MOE (Ontario Ministry of the Environment). 1988. Thirty-seven Municipal Water Pollution Control 
Plants. Volume I and II, MISA, Interim report. 

MOE (Ontario Ministry of the EnvirOnment). 19893. Update Report: Priority Toxic Chemicals of 
Concern from Ontario Point Sources Discharging to the Niagara River 1988. Niagara River Improvement 
Project, 14 pp. (ISBN 0-7729-5844-0). 

MOE (Ontario Ministry of the Environment). 1989b. St. Lawrence River Environmental Investigations. 
Volume 3. Sediment quality of the St. Lawrence River near Maitland, 1984. W.D. Wilkins & 
Associates, prepared for Ontario Ministry of the Environment, Toronto, Ontario, 35 pp. (reprint) 

NHW/DOE, June 1993



CEPA Supporting Documentation 120 
Hexachlorobenzene 

Moksens, MT. and G. Norheim. 1986. Levels of chlorinated hydrocarbons and composition of PCB 
in herring gull Larus argentatus eggs collected in Norway in 1969 compared to 1979-81. Environ. 
Pollut. 811: 109-116. 

Mollenhauer, H.H., J.H. Johnson, R.L. Younger and D.E. Clark. 1975. Untrastructural changes in liver 
of the rat fed hexachlorobenzene. Am. J. Vet. Res. 36: 1777-1781. 

Mollenhauer, H.H., J.H. Johnston, R.L. Younger and D.E. Clark. 1976. A unique intracellular aberration 
related to hexachlorobenzene ingestion. Am. J. Vet. Res. 37: 847-850. 

Moore, D. 1992. Personal communication from Dwayne Moore, Chemicals Evaluation Division, 
Commercial Chemicals Branch, Environment Canada. 

Morley, A., D. Geary and F. Harben. 1973. Hexachlorobenzene pesticides and porphyria. Med. J. 
Australia 1: 565. 

Muir, D.C.G., R. Wagemann, N.P. Grift, R.J. Norstrom, M. Simon and J. Lien. 1988a. Organochlorine 
chemical and heavy metal contaminants in white-beaked dolphins (Laaenorhynchus albirostris) and pilot 
whales (GIobicepha/a me/aena) from the coast of Newfoundland, Canada. Arch. Environ. Contam. 
Toxicol. 17: 613-629. 

Muir, D.C.G., R.J. Norstrom and M. Simon. 1988b. Organochlorine contaminants in arctic marine food 
chains: accumulation of specific polychlorinated biphenyls and chlordane-related compounds. Environ. 
Sci. Technol. 22: 1071-1079. 

Muir, D., C. Ford and B. Grif-t. 1988c. Analysis of Dietary Samples from Broughton Island (N.W.T.) for 
PCBs and Related Organochlorine Contaminants. Final report. Department of Fisheries and Oceans, 
Central and Arctic Region, VVlnnipeg, Manitoba. November 21, 1988. 

Mull, R.L., W.L. Winterlin, S.A. Peoples and L. Ocampo. 1978. Hexachlorobenzene l. Uptake, 
distribution and excretion of hexachlorobenzene in growing lambs. J. Environ. Pathol. Toxicol. 1: 865- 
878. 

Mumma, C.F. and E.W. Lawless. 1975. Survey of Industrial Processing Data Task / - 

Hexachlorobenzene and Hexachlorabutadiene Pollution from Chlorocarbon Processes. Midwest 
Research Institute, prepared for Office of Toxic substances, United States Environmental Protection 
Agency, Washington, D.C., 175 pp. (EPA — 560/3-75-003). 

Muncaster, B.W., D.J. lnnes, P.D.N. Hebert and GD. Haffner. 1989. Patterns of organic contaminant 
accumulation by freshwater mussels in the St. Clair River, Ontario. J. Great Lakes Res. 15: 645-653. 

Murray, H.E. and J.N. Beck. 1989. Halogenated organic compounds in shrimp from the Calcasieu 
estuary. Chemosphere 19: 1367-1374. 

Murray, H.E., L.E. Ray and OS. Glam. 1981. Analysis of marine sediment, water and biota for 
selected organic pollutants. Chemosphere 11/12: 1327-1334. 

NHW/DOE, June 1993



CEPA Supporting Documentation 121 
Hexachlorobenzene 

NagY, K.A.' 1987. Field metabolic rate and food requirement scaling in mammals and birds. Ecological 
Monographs 57: 111-128. 

Nash, R.G. and T. J. Gish. 1989. Halogenated pesticide volatilization and dissiF’ation from 50" Under 
controlled conditions. Chemosphere 18: 2353-2362. 

NebeCker. A.V., W-L- GriffiS. C.M. VVIse, E. Hopkins and J.A. Barbitta. 1989. Survival, reproductiOn 
and bioconcentration in invertebrates and fish exposed to hexachlorobenzene. Environ. Toxicol. Chem. 
8: 601-611. 

Needham, L.L., V.W. Burse, S.L. Head, M.P. Korver, P.C. McClure, J.S. Andrews Jr., D.L. Rowley, J.. 
Sung and SE. Kahn. 1990. Adipose tissue/serum partitioning of chlorinated hydrocarbon pesticides 
in humans. Chemosphere 20: 975-980. 

Neilson, M.A., R.J.J. Stevens and J. Biberhofer. 1986. Organochlorines, PCB’s and chlorobenzenes 
in centrifuged Lake Huron water samples. Inland Water Directorate, Environment Canada, Ontario 
Region, 12 pp. 

Newsome, W.H. Personal Communication from Dr. W. Harvey Newsome, Food Directorate, Health and 
Welfare Canada, Ottawa. 

NHW (Department of National Health and Welfare). 1980. Anthropometry Report: Height, Weight and 
Body Dimensions; .9 report from Nutrition Canada. Bureau of Nutritional Sciences, Health Promotion 
Directorate, Ottawa. 

NHW (Department of National Health and Welfare). 1988. Nutrient Values of Some Common Foods. 
Revised 1988. Health Services and Promotion Branch in cooperation with Health Promotion Branch, 
Ottawa. 

NHW (Department of National Health and Welfare). 1989. Guidelines for Canadian Drinking Water 
Quality. Fourth edition. Ottawa. 

Niemi, G.J., T. E. Davis, G.D. Veith and B. Vieux. 1986. Organochlorine chemical residues in herring 
gulls, ring-billed gulls, and common terns of Western Lake Superior. Arch. Environ. Toxicol. 15: 313- 
320. 

Niimi, A.J. 1979. Hexachlorobenzene (HCB) levels in Lake Ontario salmonids. Bull. Environ. Contam. 
Toxicol. 23: 20-24. 

Niimi, A.J. and C.Y. Cho. 1980. Uptake of hexachlorobenzene (HCB) from feed by rainbow trout 
(Se/mo gairdnen). Bull. Environ. Contam. Toxicol. 24: 834-839. 

Niimi, A.J. and C.Y. Cho. 1981. Elimination of hexachlorobenzene (HCB) by rainbow trout (Se/mo 
gairdnerr), and an examination of its kinetics in Lake Ontario salmonids. Can. J. Fish. Aquat. Sci. 38: 
1350-1356. 

NHW/DOE. June 1993



CEPA Supporting Documentation 122 
Hexachlorobenzene 

Niimi, A.J. and 8.6. Oliver. 1989. Distribution of polychlorinated biphenyl congeners and other 
halocarbons in whole fish and muscle among Lake Ontario salmonids. Environ. Sci. Technol. 23: 83- 
88. 

NlOSH. 1985. Registry of Toxic Effects of Chemical Substances. 1983-84 Cumulative supplement to 
the 1981-1982 edition. U.S. Department of Health and Human Services. 

Noble, D.G. and J.E. Elliott. 1986. Environmental Contaminants in Canadian Seabirds, 1968 - 1984: 
Trends and Effects. Canadian VWldlife Service, Ottawa. Technical Report Series No. 13. 

Noble, D.G., J.E. Elliott and L. Shutt. 1992. Contaminants in Canadian Raptors, 1965-1988. Canadian 
Wildlife Service, Ottawa. Technical Report Series No. 91. 

Norheim, G. and 8.0. Roald. 1985. Distribution and elimination of hexachlorobenzene, 
octachlorostyrene and decachlorobiphenyl in rainbow trout, Sa/mo gairdneri. Aquatic Toxicol. 6: 13-24. 

Norstrom, R.J. Unpublished data from Ross Norstrom, Head, Research Section, Wildlife Toxicology 
Division, Canadian Wildlife Service, Hull, Quebec. 

Norstrom, R.J. and D.C.G. Muir. 1986. Long-range transport of organochlorines in the Arctic and sub- 
Arctic: evidence from analysis of marine mammals and fish. In: Schmidtke, N.W., ed. Toxic 
Contamination in Large Lakes: Volume I, Chronic Effects of Toxic Contaminants in Large Lakes, 
Proceedings of a technical session of the World Conference on Large lakes, Mackinac Island 1986. 
Lewis Publishers, Chelsea, Michigan, Chapter 6, pp. 83-112. 

Norstrom, R.J., D.J. Hallett and R.A. Sonstegard. 1978. Coho salmon (Oncorhynchus kisutch) and 
herring gulls (Larus argentatus) as indicators of organochlorine contamination in Lake Ontario. J. Fish. 
Res. Board Can. 35: 1401-1409. 

Norstrom, R.J., D.C.G. Muir and R.E. Schweinsburg. 1985. Organochlorine and heavy metal 
contaminants in Polar bears. Interim Report to DlAND, June 25, 1985. 

Norstrom, R.J., M. Simon, D.C.G. Muir and R.E. Schweinsdburg. 1988. Organochlorine contaminants 
in Arctic marine food chains: identification, geographical distribution, and temporal trends in polar 
bears. Environ. Sci. Technol. 22: 1063-1071. 

Norstrom, R.J., M. Simon and D.C.G. Muir. 1990. Polychlorinated dibenzo-p-dioxins and dibenzofurans 
in marine mammals in the Canadian north. Environ. Pollution 66: 1-19. 

NRTC (Niagara River Toxics Committee). 1984. Report of the Niagara River Toxics Committee. United 
States Environmental Protection Agency, Ontario Ministry of the Environment, Environment Canada, 
and New York State Department of Environmental Conservation, New York, Albany and Toronto, 630 
DP- 

NTP. 1985. Fourth Annual Report on Carcinogens. Summary 1985. National Toxicology Program, U.S. 
Department of Health and Human Services. Report No. NTP 85-002. 

NHW/DOE, June 1993



CEPA Supporting Documentation 123 
Hexachlorobenzene 

Oehme, M. and B. Ottar. 1984. The long range transport of polychlorinated hydrocarbons to the 
Arctic. Geophys. Res. Letters 11: 1133.1136- 

Oehme, M. and H- Stray. 1982. Quantitative determination of ultra-traces of chlorinated compounds 
in high-volume air samples from the Arctic using polyurethane foam as collection medium. Fresenius 
2. Anal. Chem. 311: 665-673. 

Oliver, B.C. 1984a. Distribution and pathways of some chlorinated benzenes in the Niagara River and 
Lake Ontario. Water PoIIut. Res. J. Can. 19: 47-59. 

Oliver, B.G. 1984b. The relationship between bioconcentration factor in rainbow trout and physical. 
chemical properties for some halogenated compounds. In: K.L.E. Kaiser, ed. 08A}? in Environmental 
Toxicology. Reidel Publishing Company, Boston, pp. 301-317. 

Oliver, B.G. 1984c. Uptake of chlorinated organics from anthropogenically contaminated sediments 
by oligochaete worms. Can. J. Fish. Aquat. Sci. 41: 878-883. 

Oliver, B.G. 1985. Desorption of chlorinated hydrocarbons from spiked and anthropogenically 
contaminated sediments. Chemosphere 14: 1087-1106. 

Oliver, B.G. 1986. Partitioning relationships for chlorinated organics on particulates in the St. Clair, 
Detroit and Niagara Rivers. In: Kaiser, K.L.E., ed. OSARin Environmental Toxicology. Reidel Publishing 
Company, Boston, pp. 251-260. 

Oliver, B.G. 1987a. Fate of some chlorobenzenes from the Niagara River in Lake Ontario. In: Hites. 
R.A. and S.J. Eisenreich, eds. Sources and Fates of Aquatic Pollutants, Chicago, Illinois, September 
8-13, 1985. American Chemical Society, Washington D.C. 

Oliver, B.G. 1987b. Partitioning relationships for chlorinated organics between water and particulates 
in the St. Clair, Detroit and Niagara Rivers. In: Kaiser, K.L.E., ed. OSAR in Environmental Toxicology - 

ll. Reidel Publishing Company, Boston, pp. 251-260. 

Oliver, B.G. 1987c. Biouptake of chlorinated hydrocarbons from laboratory-spiked and field sediments 
by oligochaete worms. Environ. Sci. Technol. 21: 785-790. 

Oliver, B.G. and R.A. Bourbonniere. 1985. Chlorinated contaminants in surficial sediments of Lakes 
Huron, St. Clair and Erie: implications regarding sources along the St. Clair and Detroit Rivers. J. Great 
Lakes Res. 11: 366-372. 

Oliver, B.G. and J.H. Carey. 1986. Photodegradation of wastes and pollutants in aquatic environment. 
Pelizzetti E. and N. Serpone, eds. Homogenous and Heterogenous Photocatalysis. D. Reidel Publishing 
Co., pp. 629-650. 

Oliver, B.G. and MN. Charlton. 1984. Chlorinated organic contaminants on settling particulates in the 
Niagara River vicinity of Lake Ontario. Environ. Sci. Technol. 18: 903-908. 

Oliver, B.G. and K.L.K. Kaiser. 1986. Chlorinated organics in nearshore waters and tributaries of the 
St. Clair River. Water PoIIut. Res. J. Canada 21: 344-350. 

NHW/DOE, June 1993



CEPA Supporting Documentation ‘24 
Hexachlorobenzene 

Oliver, 3.6. and K.D. Nicol. 1982. Chlorobenzenes in sediments, water. and seieCted “Sh from Lakes 
Superior, Huron, Erie, and Ontario. Environ. Sci. Technol. 16: 532-536. 

Oliver, 8.6. and K.D. Nicol. 1984. Chlorinated contaminants in the Niagara River, 1981-1983. SCi- 
Total Environ. 39: 57-70. 

Oliver, 8.6. and A.J. Niimi. 1983. Bioconcentration of chlorobenzenes from water bY rainbow trout! 
correlations with partition coefficients and environmental residues. EnvirOn. Sci. Technol. 17: 287-291 . 

Oliver, 3.6. and A.J. Niimi. 1988. Trophodynamic analysis of polychlorinated biphenyl congeners and 
other chlorinated hydrocarbons in the Lake Ontario ecosystem. Environ. Sci. Technol. 22: 388-397. 

Oliver, 3.6. and C.W. Pugsley. 1986. Chlorinated contaminants in St. Clair River sediments. Water 
Pollut. Res. J. Canada. 21: 368-379. 

Oliver, B.G., M.N. Charlton and R.W. Durham. 1989. Distribution, redistribution, and geochronology 
of polychlorinated biphenyl congeners and other chlorinated hydrocarbons in Lake Ontario sediments. 
Environ. Sci. Technol. 23: 200-208. 

OMAF/MOE. 1988. Polychlorinated Dibenzo-p-diaxins and Polychlorinated Dibenzofurans and Other 
Organochlorine Contaminants in Food. Report prepared by the Joint OMAF/MOE Toxics in Food 
Steering Committee. Ministry of Agriculture and Food, and Ministry of the Environment, Ontario. 
August 1988. 

Opperhuizen, A., v.d.E.W. Velde, F.A.P.C. Gobas, F.A.K. Liem, J.M.D. Steen. 1985. Relation between 
bioconcentration in fish and steric factors of hydrophobic chemcials. Chemosphere 14: 1871-1896. 

Opperhuizen, A., C.A. Rina and C.A.M. Stokkel. 1988. Influence of contaminated particles on the 
bioaccumulation of hydrophobic organic micropollutants in fish. Environ. Pollut. 51: 165-177. 

Paasivirta, J., M. Knuutila and R. Paukku. 1985. Study of organochlorine pollutants in snow at North 
Pole and comparison to the snow at North, Central and South Finland. Chemosphere 14: 1741-1748. 

Parasher, 0.0., M. Ozel and F. Geike. 1978. Effect of hexachlorobenzene and acetone on algal 
growth: physiology and ultrastructure. Chem. Biol. Interact. 20: 89-95. 

Parrish, P.R., G.H. Cook and J.M. Patrick Jr. 1974. Effects on several estuarine animals. In: Rogers, 
W.A., ed. Proceedings of the 28" Annual Conference, White Sulphur Springs, West Virginia, 17-20 
Nov., 1974. Southeastern Association of Game and Fish Commissioners, pp. 179—187. 

Patton, G.W., D.A. Hinckley, M.D. Walla and T.F. Bidleman. 1988. Chlorinated pesticides and 
polychlorinated biphenyls in the atmosphere of the Canadian arctic. pp. 51-56 In: Proceedings, 
EPA/APCA International Symposium on Measurement of Toxic and Related Air Pollutants. Held at 
Research Triangle Park, N.C. 

Patton, G.W., D.A. Hinckley, M.D. Walla and T.F. Bidleman. 1989. Airborne organochlorines in the 
Canadian High Arctic. Tellus 41 8: 243-255. 

NHW/DOE, June 1993



CEPA Supporting Documentation 125 
Hexachlorobenzene 

Peakall, D.B., R.J. Norstrom, A.D. Rahimtula and RD. Butler. 1986. Characterization of mixed- 
function oxidase systems of the nestling Herrino Gull and its implications for bioeffects monitoring. 
Environ. Toxicol. Chem. 5: 379-385. 

Peakall, D.B., D.G. Noble. J.E. Elliot, J.D. Somers and G. Erickson. 1990. Environmental contaminants 
in Canadian peregrine falcons, Falco peregrinus: a toxicological assessment. Canadian Field-Naturalist 
104: 244-254. 

Pearce, P.A., J.E. Elliott, D.B. Peakall and R.J. Norstrom. 1989. Organochlorine contaminants in eggs 
of seabirds in the Northwest Atlantic, 1968-1984. Environ. Pollut. 56: 217-235. 

Pereira, M.A., S.L. Herren, A.L. Britt and MM. Khoury. 1982. Sex difference in enhancement of 
GGTase-positive foci by hexachlorobenzene and lindane in rat liver. Cancer Letters 15: 95-101. 

Persaud, D., R. Jaagumagi and A. Hayton. 1991. The provincial sediment quality guidelines. Ontario 
Ministry of the Environment, Toronto, Ontario (draft report). 

Persoone, G. and G. Uyttersprot. -1 975. The influence of inorganic and organic pollutants on the rate 
of reproduction of a marine hypotrichous ciliate: Sup/ates vannus Muller. Rev. Int. d’Oceanog. Med. 
37-38: 125-151. 

Peters, HA. 1976. Hexachlorobenzene poisoning in Turkey. Fed. Proc. 35: 2400-2403. 
Peters, H.A., S.A.M. Johnson, S. Cam, 3. Oral, Y. Malta and T. Ergene. 1966. Hexachlorobenzene- 
induced porphyria: effect of chelation on the disease, porphyrin and metal metabolism. Amer. J. Med. 
Sci. 251: 314-322. 

Peters, H.A., A. Gocmen, D.J. Cripps, G.T. Bryan and I. Dogramaci. 1982. Epidemiology of 
hexachlorobenzene-induced porphyria in Turkey: clinical and laboratory follow-up after 25 years. Arch. 
Neurol. 39: 744-749. 

Peters, H., D. Cripps, A. Gocmen, G. Bryan, E. ErtGrk, and C. Morris. 1987. Turkish epidemic 
hexachlorobenzene porphyria: a 30-year study. Ann. N.Y. Acad. Sci. 514: 183-190. 
Peterson, R. and S. Ray. 1987. Organochlorine residues in brook trout and yellow perch from New 
Brunswick and Nova Scotia (Canada) lakes. Water Pollut. Res. J. Canada 22: 352-364. 

Phelps, D.K., R.J. Pruell and J.L. Lake. 1986. Hexachlorobenzene in selected marine samples: an 
environmental perspective. In: Morris, C.R. and J.R.P. Cabral, eds. Hexachlorobenzene: Proceedings 
of an International Symposium, held at IARC, Lyon, France, 24-28 June 1985. International Agency 
for Research on Cancer, IARC Scientific. Publications No. 77, Lyon, France, pp. 121-130. 

Poulton, DJ. 1987. Trace contaminant status of Hamilton Harbour. J. Great Lakes Res. 13: 193-201. 

Pranckevicius, P.E. 1987. 1.982 Detroit, Michigan Area Sediment Survey. Great Lakes National 
Program Office, United States Environmental Protection Agency, Chicago, Illinois, 39 pp. (EPA - 

905/4-003). 

NHW/DOE, June 1993



CEPA Supporting Documentation ‘26 
Hexachlorobenzene 

Proulx, G., D.V.C. Weseloh, J.E. Elliott, S.T. Teeple, P.A.M. Anghem and P. Mineau. 1987. 
Organochlorine and PCB residues in Lake Erie mink populations. Bull. Environ. Contam. Toxicol. 39: 
939-944. 

Ouinlivan, S., M. Ghassemi and M. Santy. 1975. Survey of Methods Used to Control Wastes 
Containing Hexachlorobenzene. TRW Systems Inc., prepared for Office of Solid Waste Management 
Programs, United States Environmental Protection Agency, Washington, DC. 87 pp. (EPA - 530/SW- 
120C). 

RAP (Remedial Action Plan). 1989. Remedial action plan for Hamilton harbour - Stage I report: 
environmental conditions and problem definition. Ontario Ministry of the Environment, Ontario Ministry 
of Natural Resources, Ontario Ministry of Agriculture and Food, Environment Canada, Fisheries and 
Oceans Canada, Royal Botanical Gardens. Canada-Ontario agreement respecting Great Lakes Water 
quality, 162 pp. 

Ray, L.E., H.R. Murray and OS. Giam. 1983a. Analysis of water and sediment from the Nueces 
Estuary/Corpus Christi Bay (Texas) for selected organic pollutants. Chemosphere 12: 1039-1045. 

Ray, L.E., H.E. Murray and OS. Giam. 1983b. Organic pollutants in marine samples from Portland, 
Maine. Chemosphere 12: 1031-1038. 
Renner, G. 1988. Hexachlorobenzene and its metabolism. Toxicol. Environ. Chem. 18:51-78. 

Richter, E. and 8.6. Schafer. 1981. Intestinal excretion of hexachlorobenzene. Arch. Toxicol. 47: 233- 
239. 

Richter, E., G. Renner, J. Bayerl and M. Wick. 1981. Differences in the biotransformation of 
hexachlorobenzene (HCB) in male and female rats. Chemosphere 10: 779-785. 

Rippen, G. 1984. Referenzchemikalien - Datensammlung fiber Umwweltchemikalien, Hexachlorobenzol. 
In: Vogl, Heigl and Schéfer, eds. Handbuch des Umwe/tschutzes. Ecomed, Landsberg, F.R.G. 

Rizzardini, M. and A.G. Smith. 1982. Sex differences in the metabolism of hexachlorobenzene by rats 
and the development of porphyria in females. Biochem. Pharmacol. 31: 3543-3548. 

Rizzardini, M., L. Cantoni, P. Villa and P. Ubezio. 1990. Biochemical, morphological and flow- 
cytometric evaluation of the effects of hexachlorobenzene on rat liver. Cell. Biol. Toxicol. 6: 185-203. 

Robinson, P.E., G.A. Mack, J. Remmers, R. Levy and L. Mohadjer. 1990. Trends of PCB, 
hexachlorobenzene, and B-benzene hexachloride levels in the adipose tissue of the U.S. population. 
Environ. Res. 53: 175-192. 

Rodrigues, M.A.M., M. Sanchez-Negrette, M.S. Mantovani, L.S. Sant'ana, A.Y.O. Angeleli, M.R. 
Montenegro and J.L.V. de Camargo. 1991. Liver response to low-hexachlorobenzene exposure in 
protein- or energy-restricted rats. Food Chem. Toxic. 29: 757-764. 

Rogers, H.R., B. Crathorne and TM. Leatherland. 1989. Occurrence of chlorobenzene isomers in the 
water column of a UK estuary. Mar. Pollut. Bull. 20: 276-281. 

NHW/DOE, June 1993



CEPA'Supporting Documentation 127 - 

Hexachlorobenzene 

Ronald, K., R.J. Frank, J.L. Douglan, R. Frank and H.E. Braun. 1984. Pollutants in harp seals (Phoca 
groenlandica). l Organochlorines. Sci. Total Environ. 38: 133-152. 

Ross, R.W., F.C. Whitmore and RA. Carnes. 1984. Evaluation of the USEPA CRF incinerator as 
determined by hexachlorobenzene incineration. Hazardous Waste, 1: 581-591. 

Rozman, K., W. Mueller, F. Coulston and F. Korte. 1977. Long-term feeding study of 
hexachlorobenzene in rhesus monkeys. Chemosphere 6: 81-84. 

Rozman, K., W.F. Mueller, F. Coulston, and F. Korte. 1978. Chronic low dose exposure of rhesus 
monkeys to hexachlorobenzene. Chemosphere 2: 177-184. ~ 

Rozman, K., W.F. Mueller, F. Coulston and F. Korte. 1979. The involvement of the lymphatic system 
in the absorption, transport, and excretion of hexachlorobenzene in rats and rhesus monkeys. Toxicol. 
Appl. Pharmacol. 48: A93 (abstract). 

Rozman, K., T. Rozman and H. Greim. 1981. Enhanced fecal elimination of stored hexachlorobenzene 
from rats and rhesus monkeys by hexadecane 0r mineral oil. Toxicol. 22: 33-44. 

Rozman, K., J.R. Gorski, P. Rozman and A. Parkinson. 1986. Reduced serum thyroid hormone levels 
in hexachlorobenzene-induced porphyria. Toxicol. Lett. 30: 71-78. 

Rush, G.F., J.H. Smith, R. Maita, M. Bleavins, R.J. Aulerich, R.K. Ringerand J.B. Hook. 1983. 
Perinatal hexachlorobenzene toxicity in the mink. Environ. Res. 31: 116-124. 

Russell, R.W. and F.A.P.C. Gobas. 1989. Calibration of the freshwater mussel, Elliptic comp/anata, 
for quantitative biomonitoring of hexachlorobenzene and octachlorostyrene in aquatic systems. Bull. 
Environ. Contam. Toxicol. 43: 576-582. 

Sabourin, T.D., W.B. Stickle, T.C. Michot, C.E. Vilars, D.W. Garton and H.R. Mushinsky. 1984. 
Organochlorine residue levels in Mississippi River water snakes in Southern Louisiana. Bull. Environ. 
Toxicol. 32: 460-468. 

Salman, M.D., J.S. Rei, L. Rupp, M.J. Aaronson. 1990. Chlorinated hydrocarbons insecticides in 
Colorado beef cattle serum - a pilot environmental monitoring program. J. Toxicol. Environ. Health 31: 
125-132. 

Sanborn, J.R., W.F. Childers and LG. Hansen. 1977. Uptake and elimination of (“Cl 
hexachlorobenzene (HCB) by the green sunfish, Lepomis cyane/lus Raf., after feeding contaminated 
food. J. Agric. Food Chem. 25: 551-553. 

Sax, NJ. 1989. Dangerous Properties of Industrial Materials. Seventh Edition. Van Nostrand Reinhold. New York. 

Sax, NJ. and R.J. Lewis Sr. 1987. Haw/ey’s Condensed Chemical Dictionary. Eleventh Edition. Van 
Nostrand Reinhold, New York. 

NHW/DOE, June 1993



CEPA Supporting Dowmentation 128 
Hexachlorobenzene 

Schauerete, W.. J.P. Lay, W. Klein and F.Korte. 1982. Long-term fate of organochlorine xenobiotics 
in aquatic ecosystems. Ecotoxicol. Environ. Safety 6: 560-569. 

Schechter, A., P. Ffirst, C. Kruger, H.-A. Meemken, W. Groebel and JD. Constable. 1989a. Levels of 
polychlorinated dibenzofurans. dibenzodioxins, PCBs, DDT and DOE, hexachlorobenzene, dieldrin, 
hexachlorocyclohexanes and oxychlordane in human breast milk from the United States, Thailand. 
Vietnam, and Germany. Chemosphere 18:445-454. 

Schechter, A., J. Mes and D. Davies. 1989b. Polychlorinated biphenyl (PCB), DDT. DOE and 
hexachlorobenzene (HCB) and PCDD/PCDF isomer levels in various organs in autopsy tissue from North 
American patients. Chemosphere 18: 811-818. ' 

Scheufler, E. and K.K. Rozman. 1984. Comparative decontamination of hexachlorobenzene-exposed 
rats and rabbits by hexadecane. J. Toxicol. Environ. Health. 14: 353-362. 

Scheunert, l., C. Marra, R. Viswanatha, Klein and F. Korte. 1983. Fate of hexachlorobenzene-“C 
in wheat plants and soil under outdoor conditions. Chemosphere 12: 843-858. 

Scheunert, I., E. Topp, J. Schmitzer, W. Klein and F. Korte. 1985. Formation and fate of bound 
residues of [“Cl benzene and 
[“Cl chlorobenzene in soil and plants. Ecotoxicol. Environ. Safety 9: 159-170. 

Scheunert, l., D. Vockel, J. Schmitzer and F. Korte. 1987. Biomineralization rates of 1‘C-labelled 
organic chemicals in aerobic and anaerobic suspended soil. Chemosphere 16: 1031-1041. 

Schmid, R. 1960. Cutaneous porphyria in Turkey. N. Engl. J. Med. 263: 397-398. 

Schmitt, C.J., J.L. Zaijcek and P.H. Peterman. 1990. National COntaminant Biomonitoring Program: 
residues of organochlorine chemicals in U.S. freshwater fish, 1976-1984. Arch. Environ. Toxicol. 19: 
748-781. 

Schuler, W., H. Brunn and D. Manz. 1985. Pesticides and polychlorinated biphenyls in fish from the 
Lahn River. Bull. Environ. Contam. Toxicol. 34: 608-616. 

Schuytema, G.S., D.F. Krawczyk, W.L. Griffis, A.V. Nebecker and ML. Robideaux. 1990. 
Hexachlorobenzene uptake by fathead minnows and invertebrates in recirculating sediment/water 
systems. Arch. Environ. Contam. Toxicol. 19: 1-9. 

Schwarzenbach, R.P., W. Giger, E. Hoehn and J.K. Schneider. 1983. Behavior of organic compounds 
during infiltration of river water to groundwater. Field studies. Environ. Sci. Technol. 17: 472-479. 

SCIEX Inc. 1979. Environmental field studies based on the TAGATM system - hexachlorobenzene 
survey. Prepared for Environmental Protection Service, Environment Canada, Ontario (Contract No. 
0455 KE109-6-6087l. 

Selden, A., G. Jacobson, P. Berg and O. Axelson. 1989. Hepatocellular carcinoma and exposure to 
hexachlorobenzene: a case report. Brit. J. Ind. Med. 46: 138-140. 

NHW/DOE, June 1993



CEPA Supporting Documentation 129 
Hexachlorobenzene ' 

Sherwood, R.L., P.T. Thomas, W.J. O'Shea, J.N. Bradof, H.V. Ratajczak, J.A. Graham and C. Aranyi. 
1989. Effects of inhaled hexachlorobenzene aerosols on rat pulmonary host defenses. Toxicol. lnd. 
Health 5: 451-461. 

Shirai, T., Y. Miyata, K. Nakanishi, G. Murasaki and N. Ito. 1978. Hepatocarcinogenicity of 
DOIYCh'OFinated terphenyl (PCT) in ICR mice and its enhancement by hexachlorobenzene. Cancer Letters 
4: 271-275. 

Sidell, N, G.V. RamaRao, W.A.F. Tompkins and LG. Hansen. 1979. Phagocytic and Fe receptor 
functions of alveolar macrophages in cats following ingestion of hexachlorobenzene. Vet. Hum. 
Toxicol. 21: 254-257. 

Siekel, P., I. Chalupa, J. Beno, M. Blasko, J. Novotny and J. Burian. 1991. A genotoxicological study 
of hexachlorobenzene and pentachloroanisole. Terato. Carcino. Mutagen. 11: 55-60. 

Silkworth, J.B. and LB. Loose. 1981. Assessment of environmental contaminant-induced lymphocyte 
dysfunction. Environ. Health Perspect. 39: 105-128. 

Silkworth, J.B., D.N. McMartin, R. Rej, R.S. Narang, V.B. Stein, R.G. Briggs and LS. Kaminsky. 1984. 
Subchronic exposure of mice to Love Canal soil contaminants. Fund. Appl. Toxicol. 4: 231-239. 

Simon, G.S., R.G. Tardiff and J.F. Borzelleca. 1979. Failure of hexachlorobenzene to induce dominant 
lethal mutations in the rat. Toxicol. Appl. Pharmacol. 47: 415-419. 

Sims, D.E., A. Singh, A. Donald, J. Jarrell and D.C. Villeneuve. 1991. Alteration of primate ovary 
Surface epithelium by exposure to hexachlorobenzene: a quantitative study. Histol. Histopath. 6: 525- 
529. 

Sims, G.G., J.R. Campbell, F. Zemlyak and J.M. Graham. 1977. Organochlorine residues in fish and 
fishery products from the Northwest Atlantic. Bull. Environ. Contam. Toxicol. 18: 697-705. 

Singh, A., D. Friesen, J. Jarrell and D.C. Villeneuve. 19903. Hexachlorobenzene toxicity in the monkey 
ovary I. Ultrastructure induced by low (0.1 mg/kg) dose exposure. Proc. Xllth lnternat. Congress 
Electron Microscopy. pp. 282-283 (abstract). 

Singh, A., D.E. Sims, J. Jarrell and D.C. Villeneuve. 1990b. Hexachlorobenzene toxicity in the monkey 
ovary ll. Ultrastructure induced by medium (1.0 mg/kg) dose exposure. MAS Proc. Anal. Toxicants 
(abstract). 

Singh, A., A. Dykeman, J. Jarrell and D.C. Villeneuve. 199'1. Hexachlorobenzene toxicity in the 
monkey ovary lll. Ultrastructure induced by high (10 mg/kg) dose exposure. Proc. 49th Ann. Meet. 
Electron Microscop. Soc. Am. (abstract). 

Singh, A., W. Foster and D. Villeneuve. 1992a. Hexachlorobenzeneinduced alterations in the ovary of 
rats. 105th Annual Meeting, American Association of Anatomists, New York, March 11—15, 1992 
(abstract). 

NHW/DOE, June 1993



CEPA Supporting Documentation 130 
Hexachlorobenzene 

Sinah. A” W-G- Foster, A. Dykeman and D.C. Villeneuve. 1992b. Hexachlorobenzene toxicity in the 
rat ovary II. Ultrastructure induced by medium (10 mg/kg) dose exposure. Proceedings of the 50th 
Annual Meeting of the Electron Microscopy Society of America, Boston, Massachusetts, August 16-21, 
1991 (abstract). 

Skaare, J.U., N.H. Markussen, G. Norheim, S. Haugen and G. Holt. 1990. Levels of polychlorinated 
biphenyls, Organochlorine pesticides, mercury, cadmium, cooper, selenium, arsenic, and zinc in the 
harbour seal, Phoca vitulina, in Norwegian waters. Environ. Pollut. 66: 309-324. 

Skare, J.U., J. Stenersen, N. Kveseth and A. Folder. 1985. Time trends of organochlorine chemical 
residues in seven sedentary marine fish species from a Norwegian fjord during the period 1972-1982. 
Arch. Environ. Contam. Toxicol. 14: 33-41. 

Smelt, J.H. and M. Leistra. 1974. Hexachlorobenzene in soils and crops after soil treatment with 
pentachloronitrobenzene. Agriculture and Environment 1: 65-71. 

Smith, A.G. and J.H. Cabral. 1980. Liver-cell tum0urs in rats fed hexachlorobenzene. Cancer Letters 
11: 169-172. 

Smith, A.G, J.E. Francis, D. Dinsdale, M.M. Manson and J.R.P. Cabral. 1985. Hepatocarcinogenicity 
of hexachlorobenzene in rats and the sex difference in hepatic iron status and development of 
porphyria. Carcinogenesis 6: 631-636. 

Smith, A.G., D. Dinsdale, J.R.P. Cabral and A.L. Wright. 1987. Goitre and wasting induced in hamsters 
by hexachlorobenzene. Arch. Toxicol. 60: 343-349. 

Smith, A.G., J.R.P Cabral, P. Carthew, J.E. Francis and MM. Manson. 1989. Carcinogenicity of iron 
in conjunction with a chlorinated environmental chemical, hexachlorobenzene, in C57BL/1OScSn mice. 
Int. J. Cancer 43: 492-496. 

Smith, A.G., J.E. Francis, J.A. Green, J.B. Greig, C. Roland and MM. Manson. 1990. Sex-linked 
hepatic uroporphyria and the induction of cytochromes P450lA in rats caused by hexachlorobenzene 
and polychlorinated biphenyls. Biochem. Pharmacol. 40: 2059-2068. 

Smith, V.E., J.M. Spurr, J.C. Filkins and J.J. Jones. 1985. Organochlorine contaminants of wintering 
ducks foraging on Detroit River sediments. J. Great Lakes Res. 11: 231-246. 

Somers, JD. 1985. Pesticide and PCB Residues in Northeastern Alberta Otter. 35 pp. (AECV85-R4). 
Somers, J.D., B.C. Goski and MW. Barrett. 1987. Organochlorine residues in northeastern Alberta 
otters. Bull. Environ. Contam. Toxicol. 39: 783-790. 

Spehar, FLL. 1986. United States Environmental Protection Agency, Duluth, Minesota. (Memorandum 
to Dr. D.J. Call, University of Wisconsin-Superior, Superior, WI, September 16) 

NHW/DOE, June 1993



CEPA Supporting Documentation 13‘ 
Hexachlorobenzene 

Spigarelli, J.L., J.E. Going and R. Li. 1986. Hexachlorobenzene levels in multimedia environmental 
samples from selected chemical production plants. In: Morris, C.R. and J.R.P. Cabral, eds. 
Hexachlorobenzene: Proceedings of an International Symposium, held at IARC, Lyon, France, 24-28 
June 7985. International Agency for Research on Cancer, IARC Scientific Publications No. 77, Lyon. 
France. pp. 155-160.

. 

SRI International. 19903. 1990 Directory of chemical producers: Canada. SRI International, Menlo 
Park, California, 1990. 

SRI International. 1990b. 1990 Directory of chemical producers: Canada - Update. SRI International, 
Menlo Park, California, 1990. I 

Stacey, C.l., W.S. Perriman and S. Whitney. 1985. Organochlorine pesticide residue levels in human 
milk: Western Australia, 1979-1980. Arch. Environ. Health 40: 102-108. '

- 

Stachel. 9. RC. Daugherty, U. Lahl, M. Schlosser and B. Zeschmar. 1989. Toxic environmental 
chemicals in human semen: analytical method and case studies. Andrologia 21: 282-291 . 9 

Statistics Canada. 1981. Imports: Merchandise Trade and Commodity Detail 1980. Catalogue No. 65- 
207. 

Statistics Canada. 1982. lmports: Merchandise Trade and Commodity Detail 1981. Catalogue No. 65- 
207. 

Statistics Canada. 1983. Imports: Commodity by Country, C.l.T.C. Detail 1982-1983. External Trade 
Division (microfiche). 

Stehr-Green., P.A. 1989. Demographic and seasonal influences on human serum pesticide residue 
levels. J. Toxicol. Environ. Health 27: 405-421. ’ 

Stevens, R.J.J. and MA. Neilson. .1989. lnter- and intralake distribution of trace contaminants in 
surface waters of the Great Lakes. J. Great Lakes Res. 15: 377-393. ‘ 

Stewart, F.P., M.M. Manson, J.R.P. Cabral and AG. Smith. 1989. Hexachlorobenzene as a promoter 
of diethylnitrosamine-initiated hepatocarcinogenesis in rats and comparison with induction of porphyria. 
Carcinogenesis 10: 1225-1230. 

Stewart, F.P. and AG. Smith. 1987. Metabolism and covalent binding of hexachlorobenzene‘by 
isolated male and female rat hepatocytes. Biochem. Pharmacol. 36: 2232-2234. 

Strachan, W.M.J. 1985. Organic substances in the rainfall of Lake Superior: 1983. Environ. Toxicol. 
Chem., 4:677-683. ‘ 

Strachan, W.M.J. 1988a. Toxic contaminants in rainfall in_ Canada: 1984. Environ. Toxicol. Chem. 7: 
871-878. 

NHW/DOE, June 1993



CEPA Supporting Documentation 132 
Hexachlorobenzene 

Strachan, W.M.J. 1988b. Toxic chemicals in Canadian rainfall. In: Proceedings of the 1988 EPA/APCA 
International Symposium: Measurement of Toxic and Related Air Pollutants. Research Triangle Park. 
North Carolina, May 1988. DD. 72-78. 

Strachan, W.M.J. and H.J. Huneault. 1979. Polychlorinated biphenyls and organochlorine pesficides 
in Great Lakes precipitation. J. Great Lakes Res. 5: 61-68. 

Strachan, W.M.J., H. Huneault. W.M. Schertzerand and F.C. Elder. 1980. Organochlorines in 
precipitation in the Great Lakes region. In: Afghan, B.K. and MacKay, 0., ed. Hydrocarbons and 
Halogenated Hydrocarbons in the Aquatic Environment. Plenum Publishing Corp., New York, New York, 
pp. 387-396. 

Strik, J.J.T.W.A. 1986. Subacute toxicity of hexachlorobenzene. In: Morris, C.R. and J.R.P. Cabral, 
eds. Hexachlorobenzene: Proceedings of an International Symposium, held at IA RC, Lyon, France, 24- 
28 June 1985. International Agency for Research on Cancer, IARC Scientific Publications No. 77, 
Lyon, France. pp. 335-342. 

Struger, J. and D.V. Weseloh. 1985. Great Lakes Caspian Terns: egg contaminants and biological 
implications. Colonial Waterbirds 8: 142-149. 

Struger, J., D.V. Weseloh. D.J. Hallett and P. Mineau. 1985. Organochlorine contaminants in herring 
gull eggs from the Detroit and Niagara Rivers and Saginaw Bay (1978-1982): Contaminant 
discriminants. J. Great Lakes Res. 11: 223-230. 

Sufit, R.L., R. Hodach, R. Arends, H.A. Peters, E. Ertflrk and D.J. Cripps. 1986. Decreased conduction 
velocity and pseudomyotonia in hexachlorobenzene-fed rats. In: Morris, C.R. and J.R.P. Cabral, eds. 
Hexech/orobenzene: Proceedings of an International Symposium, held at IARC, Lyon, France, 24-28 
June 1985. International Agency for Research on Cancer, IARC Scientific Publications No. 77, Lyon, 
France. pp. 361-362. 

Sundlof, S.F., L.G. Hansen, G.D. Koritz and SM. Sundlof. 1982. The pharmacokinetics of 
hexachlorobenzene in male beagles. Distribution, excretion and pharmacokinetic model. Drug Metab. 
Dispos. 10: 371-381. 

Suns, K., G.R. Craig, G. Crawford, G. A. Rees, H. Tosine, and J. Osborne. 1983. Organochlorine 
contaminant residues in spottail shiner (Natropis hudsonius) from the Niagara River. J. Great Lakes Res. 
9: 335-340. 

Suns, K., G.E. Crawford, D.D. Russel and RE. Clement. 1985. Temporal trends and spatial distribution 
of organochlorine and mercury residues in Great Lakes spottail shiners (1975-19831. Ontario Ministry 
of the Environment, Water Resources Branch, Rexdale, Ontario. 

Suns, K., G. Hitchin and E. Adamek. 1991. Present status and temporal trends of organochlorine 
contaminants in young spottail shiner (Natropis hudsonius) from Lake Ontario. Can. J. Fish. Aquat. 
Sci. 48: 1568-1573. 

NHW/DOE, June 1993



CEPA Supporting Documentation 133 
Hexachlorobenzene 

Swackhamer D.L. 
' and R.A. Hites. 1988. Occurence and bioaccumulation of organochlorine 

compounds-in fishes from Siskiwit Lake, Isle Royale, Lake Superior. Environ. Sci. Technol. 22: 543- 
548. 

Swain, W.R. 1978. Chlorinated organic residues in fish, water, and precipitation from the View" °f 
Isle Royale, Lake Superior. J. Great Lakes Res. 4: 398-407. 

Swindoll, CM. and FM. Applehans. 1987. Factors influencing the accumulation of sediment-sorbed 
hexachlorobiphenyl by midge larvae. Bull. Environ. Contam. Toxicol. 39: 1055-1062. 

Sylvestre, A. 1987. Orgenochlorines and Polyarometic Hydrocarbons in the St. Lawrence River at 
Wolfe Island, 1982/84. Water Quality Branch, Inland Waters/Land Directorate, Environment Canada, 
Ontario Region, Burlington, Ontario, Tech. Bull. No. 144, 11 pp. 

Tabak, H.H., S.A. Quave, C.l. Mashni and E.F. Barth. 1981. Biodegradability studies with organic 
priority pollutant compounds. J. Water Pollut. Control Fed. 53: 1503-1518. 

Tetra Tech Inc. 1986. Development of sediment quality values for Puget Sound. Vol 1. Prepared for 
Puget Sound Dredged Disposal Analysis and Puget Sound Estuary Program, Bellevue Washington. 

Theiss, J.C., G.D. Stoner, M.B. Shimkin and E.K. Weisburger. 1977. Test for carcinogenicity of organic 
contaminants of United States drinking waters by pulmonary tumor response in Strain A mice. Cancer 
Res. 37: 2717-2720. 

Tiernan, T.0., M.L. Taylor, J.I-I. Garrett. G.F. VanNess, J.G. Solch, D.J. Wagel, G.L. Ferguson and A. 
Schecter. 1985. Sources and fate of polychlorinated dibenzodi0xins, dibenzofurans and related 
compounds in human environments. Environ. Health Persp. 59: 145-158. 

Thomas, R.L., Vernet J.P. and R. Frank. 1984. DDT, PCBs, and HCB in sediments of Lake Geneva and 
upper Rhone River. Environ. Geol. 5: 103-113. 

Tobin, P. 1986. Known and potential sources of hexachlorobenzene. In: Morris, C.R. and J.R.P. 
Cabral, eds. Hexachlorobenzene: Proceedings of an International Symposium, held at IARC, Lyon, 
France, 24-28 June 1985, International Agency for research and Cancer, IARC Scientific Publications 
No. 77, Lyon, France, pp. 3-11. 

To-Figueras, J., J. Gemez-Catalan, M. Rodamilans and J. Corbella. 1992. Hexachlorobenzene (HCB) 
metabolites in urine: man and rodents compared. The Toxicologist 12: 425 (abstract). 
Tomas, W., H. Simon and A. Ruhling. 1985. Classification of plant species by their organic (PAH< 
PCB, BHCI and inorganic (heavy metals) trace pollutant concentrations. Sci. Total Environ. 46: 83 - 

94. ' 

Topp, E., l. Scheunert and K. Korte. 1989. Kinetics of the uptake of "C-labeled chlorinated benzenes 
from soil by plants. Ecotoxicol. Environ. Safety 17: 157-166. 

Tripp, M.R., C.R. Fries, M.A. Craven, C.E. Grier and C.E. Gates. 1984. Histopathology of Mercenaria 
mercenaria as an indicator of pollutant stress. Mar. Environ. Res. 14: 521-524. 

NHW/DOE, June 1993



CEPA Supporting DOCUmentation 134 
Hexachlorobenzene 

Tsui, P.T. and P.J. McCart. 1981 . Chlorinated hydrocarbon residues and heavy metals in several fish 
species from the Cold Lake area in Alberta, Canada. lnternat. J. Environ. Anal. Chem. 10: 277-285. 

Tuttle, J .R. 1979. A survey of the sources, uses and environmental distribution of hexachlorobenzene 
in Alberta, Saskatchewan, Manitoba and the Northwest Territories. Environmental Protection Service, 
Fisheries and Environment Canada, Edmonton, 94 pp. 

UGLCCSMC (Upper Great Lakes Connecting Channels Study Management Committee). 1988. Upper 
Great Lakes Connecting Channels Study. Environment Canada, United States Environmental Protection 
Agency, Michigan Department of Natural resources, Ontario Ministry of the Environment, Volume II, 

626 pp. 

U.S. EPA (U.S. Environmental Protection Agency). 1976. Environmental Contamination from 
Hexachlorobenzene. Office of Toxic Substances, Washington, D.C. (EPA - 560/6-76/014). 

U.S. EPA (U.S. Environmental Protection Agency). 1979a. Toxicology Handbook, Mammalian and 
Aquatic Data. Book 1: Toxicology data. Chemical and Biological investigations Branch, Office of Toxic 
Substances, Betsville, Maryland, 1056 pp. (EPA - 540/9-79-003). 

U.S. EPA (U.S. Environmental Protection Agency). 1979b. Toxicology Handbook, Mammalian and 
Aquatic Data. Book 2: Chemicals, Index, Test methods. Chemical and Biological Investigations Branch, 
Office of Toxic Substances, Betsville, Maryland, 245 pp. (EPA - 540/9-79-003A). 

U.S. EPA (U.S. Environmental Protection Agency). 1980. Ambient Water Quality Criteria for 
Chlorinated Benzenes. Office of Water Regulations and Standards, Criteria and Standards Division, 
Washington, D.C., 201 pp. (EPA - 440/5-80-028). 

U.S. EPA (U.S. Environmental Protection Agency). 1982. Fate of Priority Pollutants in Public/y Owned 
Treatment Works. Final Report. Vol. 1. Burns and Roe Industrial Services Corp., prepared for Office 
of Water Regulations and Standards, Effluent Guidelines Division, Washington, D.C., 438 pp. (EPA - 

440/1-82-303). 

U.S. EPA (U.S. Environmental Protection Agency). 1984. Health Effects Assessment for 
Hexachlorobenzene. Environmental Criteria and Assessment Office, Office of Research and 
Development, Cincinnati, OH. (EPA - 540/1-86/017). 

U.S. EPA (U.S. Environmental Protection Agency). 1 985. Health Assessment Document for Chlorinated 
Benzenes. Office of Health and Environmental Assessment, Washington, D.C. (EPA - 600/8-84/015F). 

U.S. EPA (U.S. Environmental Protection Agency). 1986. Exposure Assessment for 
Hexachlorobenzene. Exposure Evaluation Division, Office of Toxic Substances, Washington, D.C. (EPA 
- 560/5-86-019). 

U.S. EPA (U.S. Environmental Protection Agency). 1987. Health Advisory: Hexachlorobenzene. Office 
of Drinking Water, March 31, 1987. 

NHW/DOE, June 1993



CEPA Supponing Documentation 135 
Hexachlorobenzene 

U.S. EPA (U.S. Environmental Protection Agency). 1988. Ambient Aquatic Life Water Quality Criteria 
for Hexachlorobenzene. Office of Research and Development, Environmental Research Laboratory, 
Duluth, Minnesota, 41 pp. (Draft) 

U.S. FDA (U.S. Food and Drug Administration). 1989. Residues in foods-1988. J. Assoc. Off. Anal. 
Chem. 72: 133A-152A. 

U.S. FDA (U.S. Food and Drug Administration). 1990. Residues in foods-198.9. J. Assoc. Off. Anal. 
Chem. 73: 127A-146A. 

U.S. FDA (U.S. Food and Drug Administration). 1991. Residues in foods-1990. J. Assoc. Off. Anal. 
Chem. 74: 121A-141A. 

Uyeta, M., S. Taue, K. Chikasawa, and M. Mazaki. 1976. Photoformation of polychlorinated biphenyls 
from chlorinated benzenes. Nature 264: 583-584. 

Van Leewen, C.J., P.T.J. Van Der Zandt, T. Aldenberg, H.J.M. Verhaar and J.L.M. Hermans. 1992. 
Application of OSARs, extrapolation and equilibrium partitioning in aquatic effects assessment. I. 

Narcotic industrial pollutants. Environ. Toxicol. Chem. 11: 267-282. 

Van Loveren, H., E.I. Krajnc, P.J.A. Rombout, F.A. Blommaert and J.G. V05. 1990. Effects of ozone, 
hexachlorobenzene, and bisltri-n-butyltinloxide on natural killer activity in the rat lung. Toxicol. Appl. 
Pharmacol. 102: 21-33. 

van Ommen, B. and P.J. van Bladeren. 1989. Possible'reactive intermediates in the oxidative 
biotransformation of hexachlorobenzene. Drug Metab. Drug Interact. 7: 213-243. 

van Raaij, J.A.G.M., K.J. van den Berg, R. Engel, P.C. Bragt and W.R.F. Notten. 1991a. Effects of 
hexachlorobenzene and its metabolites pentachlorophenol and tetrachlorohydroquinone on serum 
thyroid hormone levels in rats. Toxicol. 67: 107-1 16. 

“van Raaij, J.A.G.M., K.J. van den Berg and W.R.F. Notten. 1991b. Hexachlorobenzene and its 
metabolites pentachlorophenol and tetrachlorohydroquinone: interaction withthyroxine binding sites 
of rat thyroid hormone carriers ex vivo and in vitro. Toxicol. Lett. 59: 101-107. 

Veith, G .D., D.L. DeFoe and B. Bergstedt. 1979. Measuring and estimating the bioconcentration factor 
of chemicals in fish. J. Fish. Res. Canada 36: 1040-1048. 

Villeneuve, 1975. The effect of food restriction on the redistribution of hexachlorobenzene in the 
rat. Toxicol. Appl. Pharmacol. 31: 313-319. 

Villeneuve, D.C. and W.H. Newsome. 1975. Placental transfer of hexachlorobenzene in the rat. Bull. 
Environ. Contam. Toxicol. 14: 297-300. 

Villeneuve, D.C., L.G. Panopio and D.L. Grant. 1974. Placental transfer of hexachlorobenzene in the 
rabbit. Environ. Physiol. Biochem.l4: 112-115. 

NHW/DOE. June 1993



CEPA Supporting Documentation 136 
Hexachlorobenzene 

Villeneuve, D.C., M.J. van Logten, E.M. den Tonkelaar, P.A. Greve, J.G. Vos, G.J.A. Speijers and G.J. 
van Esch. 1977. Effect of food deprivation on low level hexachlorobenzene exposure in rats. Sci. Total 
Environ. 8:179-186. 

Villeneuve, J.P.and C. Cattini. 1986. Input of chlorinated hydrocarbons through dry and wet 
deposition to the western Mediterranean. Chemosphere 15: 115-120. 

Villanueva, E.C., R.W. Jennings, V.W. Burse and RD. Kimbrough. 1974. Evidence of chlorodibenzo-p- 
dioxin and chlorodibenzofuran in hexachlorobenzene. J. Agr. Food Chem. 22: 916-917. 

Vos, J.G., Breeman, H.A., and Benshop, H. 1968. The occurence of the fungicide hexachlorobenzene 
in wild birds and its toxicological importance: a preliminary communication. Meded. Rijksfac. 
Landbouwwetensch. Gent 33: 1263-1269. 

Vos, J.G., H.L. Van Der Maas, A. Musch and E. Ram. 1971. Toxicity of hexachlorobenzene in 
Japanese quail with special reference to porphyria, liver damage, reproduction and tissue residues. 
Toxicol. Appl. Pharmacol 18: 944-957. 

Vos, J.G., P.F. Botterweg, J.J.T.W.A. Strik and J.H. Koeman. 1972. Experimental studies with HCB 
in birds. TNO-Nieuws 27: 599-603. 

Vos, J.G. 1986. lmmunotoxicity of hexachlorobenzene. In: Morris, C.R. and J.R.P. Cabral, eds. 
Hexach/orobenzene: Proceedings of an International Symposium, held at lARC, Lyon, France, 24-28 
June 1985. International Agency for Research on Cancer, IARC Scientific Publications No. 77, Lyon, 
France. pp. 347-356. 

Vos, J.G., M.J. van Logten, J.G. Kreeftenberg and W. Kruizinga. 1979. Hexachlorobenzene-induced 
stimulation of the humoral immune response in rats. Ann. N.Y. Acad. Sci. 320: 535-550. 

Vos, J.G., G.M.J. Brouwer, F.X.R. van Leeuwen and Si. Wagenaar. 1983. Taxicity of 
hexachlorobenzene in the rat following combined pre- and post-natal exposure: comparison of effects 
on the immune system, liver and lung. In: Parke, D.V., G.G. Gibson and R. Hubbard, eds. 
lmmunatoxicology. Academic Press, London, pp. 219-235. 

Vos, R.M.E., M.C. Snoek, W.J.H. van Berkel, F. Muller and P.J. van Bladeren. 1988. Differential 
induction of rat hepatic glutathione S-transferase isoenzymes by hexachlorobenzene and benzyl isothio- 
cyanate: comparison with induction by phenobarbital and 3-methylcholanthrene. Biochem. Pharmacol. 
37: 1077-1082. 

Wachtmeister, C.A. and R. Ekelund. 1989. A tentative hazard assessment of hexachlorobenzene in 
the aquatic environment. In: Landner, L., ed. Chemicals in the Aquatic Environment. Springer-Verlag 
New York, pp. 375-400. 
Wada, 0., Y. Yano, G. Urata and K. Nakao. 1968. Behavior of hepatic microsomal cytochrome: after 
treatment of mice with drugs known to disturb porphyrin metabolism in liver. Biochem. Pharmacol. 17: 
595-603. 

NHW/DOE, June 1993

‘\



t 

A

-

- 
CEPA Supporting Documentation 137 

Hexachlorobenzene 

Wang, M.-J. and K.C. Jones. 1991. Analysis of chlorobenzenes in sewage sludge by capillary gas 
chromatography. Chemosphere 23: 677-691. 

Washington State Department of Ecology. 1990. Proposed sediment management standards rule 
(September 18, 1990). Washington State Register, Issue 90-91. 

Watanabe, l., T. Kashimoto and R. Tatsukawa. 1987. Polybrominated biphenyl ethers in marine fish, 
shellfish and river and marine sediments in Japan. Chemosphere 16: 2389-2396. 

Webber, MD. and S. Lesage. 1989. Organic contaminants in Canadian municipal sludges. Waste 
Manag. Res. 7: 63-82. 

Weseloh, D.V., P. Mineau, J. Struger, S. Teeple, D. Hallett, R. Norstrom, A. Gilman and L. Reynolds. 
1987. An 1 1 year monitoring study of organochlorine contaminant levels in herring gull eggs from the 
Great Lakes 1974-1984. Canadian Wildlife Service, unpublished manuscript, 21 pp. 

Weseloh, D.V., T. W. Custer and B. M. Braune. 1989. Organochlorine contaminants in eggs of 
common terns from the Canadian Great Lakes, 1981. Environ. Pollut. 59: 141-160. 
West, C.C., M.B. Tomson and 6.6. Waggett. 1985. Irreversible sorption of trace level organics by 
ground water humic subsurfaces: a new mechanism of transport. In: Second International Conference 
on Ground Water Quality Research: Proceedings, National Centre for Water Research, Huston, Texas, 
pp. 53-54. 

Westin, D.T., C.E. Olney and BA. Rogers. 1985. Effect of parental and dietary organochlorine on 
Survival and body burdens of striped bass larvae. Trans. Am. Fish. Soc. 114: 125-136. 

Wiegelt, 8.3. and W. Ernst. 1989. Biotransformation of hexachlorobenzene in the blue mussel (Mytilus 
edulis). Chemosphere 19: 1701 -1 707. 

Wilken, RD. and H. Wirth. 1986. The adsorption of hexachlorobenzene on naturally occurring 
adsorbents in water. In: Morris, C.R. and J.R.P. Cabral, eds. Hexachlorobenzene: Proceedings of an 
International Symposium, held at IARC, Lyon, France, 24-28 June 1985. International Agency for 
Research on Cancer, lARC Scientific Publications No. 77, Lyon, France, pp. 75-81. 

Williams, D.T., G.L. LeBel and E. Junkins. 1984. A comparison of organochlorine residues in human 
adipose tissue autopsy samples from two Ontario municipalities. J. Toxicol. Environ. Health. 13: 19-29. 

Williams, D.T., G.L. LeBel and E. Junkins. 1988. Organohalogen residues in human adipose autopsy 
' samples from six Ontario municipalities. J. Assoc. Off. Anal. Chem. 71: 410-414. 

Wilson, OM. and M.T.K. Wan. 1982. Hexachlorobenzene - Industrial and agricultural sources in British 
Columbia. Environmental Protection Service, Environment Canada, Vancouver, 35 pp. (Regional 
Program Report: 82-07). 

Witte, H., T. Langenohl, S.A.G. Offenbacher. 1988a. Investigation of the entry of organic pollutants 
into soils and plants through the use‘of‘sevVage sludge in agriculture. Part A: Organic pollutant load 
in sewage sludge. Korrespondenz Abwasser 13: 118-125. 

NHW/DOE, June 1993



CEPA Supporting Documentation 138 
Hexachlorobenzene 

Witte, H. T. Langenohl, S.A.G. Offenbacher. 1988b. Investigation of the entry of organic pollutants 
into soils and plants through the use of sewage sludge in agriculture. Part 8: Impact of the application 
of sewage sludge on organic matter coment in soil and plants. Korrespondenz Abwasser 13: 126-136. 

Wong, MP. 1985. Chemical Residues in Fish and Wildlife Species Harvested in Northern Canada. 
Environmental Studies Program, Northern Environment Directorate, Indian and Northern Affairs, 
December 1985. 

Wong, P.T.S., Y.K. Chau, J.S. Rhamey and M. Docker. 1984. Relationship between water solubility 
of chlorobenzenes and their effects on a freshwater green alga. Chemosphere 13: 991-996. 

Woodley, T.H., M. W. Brown, 3.0. Kraus and D.E. Gaskin. 1991. Organochlorine levels in North 
Atlantic right whale (Eublaena glacialisl blubber. Arch. Environ. Contam. Toxicol. 21: 141-145. 

Yamaguchi, Y., M. Kawano and R. Tatsukawa. 1986. Tissue distribution and excretion of 
hexabromobenzene (HBB) and hexachlorobenzene (HCB) administered to rats. Chemosphere 15: 453- 
459. 

Yang, R.S.H., K.A. Pittman, D.R. Rourke and V.B. Stein. 1978. Pharmacokinetics and metabolism of 
hexachlorobenzene in the rat and the rhesus monkey. J. Agr. Food Chem. 26: 1076-1083. 

Yoshioka, Y., Y. Ose and T. Sato. 1985. Testing for the t0xicity of chemicals with Tetrahymena 
pyriformis. Sci. Total Environ. 43: 149-157. 

Zitko, V. 1976. Levels of chlorinated hydrocarbons in eggs of double-crested cormorants from 1971- 
1978. Bull. Environ. Contam. Toxicol. 16: 399-405. 

Zitko, V. and O. Hutzinger. 1976. Uptake of chloro— and bromobiphenyls, hexachloro- and 
hexabromobenzene by fish. Bull. Environ. Contam. Toxicol. 16: 665-673. 

Zoeteman, B.C.J., K. Harmsen, J.B.H.J. Linders, C.F.H. Morra and W. Slooff. 1980. Persistent Organic 
pollutants in river water and ground water of the Netherlands. Chemosphere 9: 231-249. 

NHW/DOE, June 1993



‘\_-"-fl-‘— 

CEPA Supporting Documentation 
Hexachlorobenzene 

APPENDIX A 
RELEASES TO THE ENVIRONMENT 

139 

NHW/DOE, June 1993



«I- 

—l\

- 

CEPA Supporting Documentation 

Table - 1 Importation of HCB into Canada 

Hexachlorobenzene 

Year Amount 
honnes) 

1980 5 
1981 7 
1982 8 
1983 10 
1984 - 

1985 - 

1986 ' 

1987 - 

1988 36 
1989 27 
1990 10 
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Table - 2 Quantities' of chlorinated solvents manufactured and imported into Canada (tonnes). 

Year =::rbon tetra:;lorido Irichloroethylene 1;:lachloroothylon:=: 
Manufacture 

I 

Imports Manufacture 
I 

Imports Manufacture 
I 

Imports 

1982 NA I 260 9500 I 1900 NA I 2270 

1983 22600 I 1000 12200 I 1900 20900 I 3700 

1984 19700 I 6300 7700 I 1700 21200 I 6500 

1985 20800 I 4500 2300 I 4200 16500 I 10600 

1986 24600 I 200 0 I 3700 24100 I 7400 

1987 25000 I 500 0 I 3000 22500 I 4600 

1988 28600 I 1300 0 I 3700 17100 I 7600 

1989 37600 I 200 0 I 3400 19500 I 5500 

1990 35100 I 500 NA I NA 19000 I 6500 

‘ CPI, 1990a; 1990b; 1990c. 

NA = Not Available. 
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Table - 3 Range of estimated amounts of HCB in wastes from the manufacmre 0f carbon 
tetrachloride and tetrachloroethylene‘ in Canada ltonneSl- ' 

Year Carbon Tetrachloride Tetrachloroethylene Annual Quantity of HCB 
Production Production Generated 

1986 71 -1 79 174-560 245-739 

1987 72-181 163-523 235-704 

1988 83-208 123-397 206-605 

1989 109-273 ' 141-453 250-726 

1990 102-255 138-442 240—697 

Table - 4 Canadian exports and domestic demand for carbon tetrachloride from 1986 to 1990 
(tonnes). 

Year Exports Total Domestic Demand 

1986 4700 20100 
1987 6100 19400 
1988 9800 20100 
1989 17700 20100 
1990 15500 20100 

Table - 5 Canadian exports and domestic demand for trichloroethylene from 1986 to 1989 
(tonnes). 

Year Exports Total Domestic Demand 

1 986 - 3700 
1987 - 3000 
1988 400 3300 
1989 200 3200 
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Table - 6 Canadian exports and domestic demand for tetrachloroethylene from 1986 to 1990 
(tonnes). 

Year Exports Total Domestic Demand 

1986 16800 15100 
1987 13000 14100 
1988 10600 14100 
1989 11000 14000 
1990 11500 14000 

Table - 7 Pesticides registered in Canada that contain HCB impurities or have the potential of 
containing HCB impurities. 

Pesticides Registered in Canada CAS number concern 

82-68-8 ° Pentachloronitrobenzene (Ouintozene)
~ 

Pentachlorophenol 87-86-5 ' 

2,4-Dichloro-6-(o-chloroanilino-1,3,5-triazine 101 -05-3 

(6,7,8,9,10,10-Hexachloro-1,5,53.6.9,9a-hexahydro-6,9-methano 115-29-7 ' 

-2,4,3-benzodioxathiepin 3-oxide (Endosulfan) 

2-Chloro-4,6-bis(ethylamino)-1,3,5-triazine (Simazine) 122-34-9 

Maleic hydrazide 123-33-1 

2-Chloro-1-(2,4.5-trichlorophenyl)vinyl dimethyl phosphate 961-11-5 

2,4-Bis(isopropylamino)-6-methoxy-1,3,5-triazine (Prometon) 1610-18-0 

Dimethyltetrachloroterephthalate (Dacthal) 1861-32-1 ' 

TetrachIoroisophthalonitrile (Chlorothalonil) 1897-45-6 ' 

2-Chloro-4-ethylamino-6-isopropylamino-1,3,5-triazine (Atrazine) 1912-24-9 ' 

4-Amino-3,5,6-trichloropyridine-Z-carboxylic acid, as isooctyl ester/ 1918-02-1 ’ 

potassium or alkyl amine salt (Picloram) 

Perchloro-l ,1'-bicyc|openta~2,4-dienyl (Dienochlor) 2227-17-0 

2-(Tert-butylaminol-4-chloro-6-ethvlaminoo1,3,5-triazine 5915-41-3 

2,4-Bis(isopropylaminol-6-methylthio-1,3,5-triazine (Prometryn) 7287-19-6 
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Quantities of HCB impurities present in pesticides registered in Canada. 

Pesticide 
' HCB concentrations 

(mg/Ll 

Pentachloronitrobenzene 1000' / < 500” 
Pentachlorophenol 100" / 46.5‘ 

Dacthal < 3000"" / 1048‘ / 1900' / max. 3000' 
ChlorOthalonil < 500” / max. 500' 
Picloram < 200"/ < 100' 
Simazine 15.2c 

Atrazine 0.025-0.25‘ / 4.2c 

' Brooks and Hunt, 1984. 
b Tobin, 1986. 
° EC. 1979. 
‘ Mumme and Lawless, 1975.
I 

Wilson and Wan, 1982. 
Current estimates: Personal communication with Industry. 1991. 

Hexachlorobenzene loadings (wetfall) in Canadian rainfall (pg/mzlyear). 

Location Loadings 

British Columbia 
Kanata Creek (1986) 0.05 

Alberta 
Suffield (1985) 0.18 

Saskatchewan 
Cree Lake (1984) 0.004 
Cree Lake (1985) 0.003 

Ontario
> 

Lake Superior (1983)' 0.047 
Lake Superior (1984)” 0.042 
New Brunswick 
Kouchibouguac 0.076 

Total Average Canadian wetfall 0.071 

Estimated from rain deposition loadings collected on lsle Royale 
and Caribou Isle (Strachan, 1985; Strachan. 1988b).

h Estimated from rain deposition loadings collected on Caribou 
lsle and Agawa Bey (Strachen, 1988a: Strechan. 1988b). 
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Table - 10 Hexachlombenzene releases in Quebec by type of industry 
(Alves and Chevalier, 1980; Gilbertson, 1979). 

Type of Industry Number of Number of Plants Estimated Total 
Plants in Quebec Generating HCB/ Annual Discharge (kg) 

Number of Plants 
Sampled 

Textile > 60 4/7 41.4 

Wood Preservation 5 2/4 0.076 

Pulp and Paper 22 ' 2/2 4.25 

Pyrotechnics 6 2/4 0.4 

Paint and Lacquers > 60 2/2 0.081 

Aluminum 1 1/1 1.54 

Pulp and Paper 12 6/10 0.12 
and Textile 

Industrial and Unknown 2/2 6.7 
Domestic soap 
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~ 

Loadings of HCB from the Dow chemical effluents discharged to the St. Clair River 
(kg/day). 

Source 1985' Survey 1985‘ Survey 1986‘ survey 1986‘ Survey 1986' Survey 
1" street 0.028 0.028 0.006 0.007 NA 
Dow 30" 

1" street 0.091 0.091 0.0003 0.00070 NA 
Dow 42' 

1'l street 0.001 0.0007 NM NM NA 
Dow 48' 

1" street 0.0006 0.0005 ND 
1 

0.0002 NA 
Dow 54" 

Dow 2'“1 street 0.0003 0 0.0002 0.00015 NA 

0.0011 0.0006 0.0002 0.0005 NA 
Dow 3" street 

0.014 0.0113 0.0014 0.0017 NA Dow 4'” street 

Total Loedings 0.136 0.132 0.0081 0.01025 0.03 
(kg/day) 

Total Loadings' 49.6 48.2 2.957 3.741 8.9 
(kg/Year) 

' EC/MOE, 1986; calculated by multiplying effluent flow rates times the HCB 
concentrations found in the discharges. 

I 

a. 

n

U 

-. 

King and Sherbin, 1986.
‘ 

Johnson et al., 1987; MISA sequential. 
Johnson et al., 1987; MISA 2x weekly. 
UGLCCSMC, 1988. 

NM: 
ND: 
NA: 

Multiplying total loadings of kg/day by 365 days/year except for reference 
e for which annual releases were provided.

. 

Presented in reference d as 0.0002, Environment Canada suspects a 
calculation mistake. 

not measured 
not detected 
not applicable 
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Table - 12 Mean loadings of HCB during 1979 and 1980 to the St. Lawrence River. 

Sources HCB Loading (kg/day) 

1979 
Cornwall Chemicals 
Domtar Fine Papers Ltd. 
C.|.L. 
C0urtaulds (Canada) lnc.‘ 

- sulphate 
- viscose 
- acid 

Cornwall WPCP 

0.000783 
0.00000593 

0.000018 
0.0000017 
0.00001 1 

Total loading 0.00082 (0.229 kg/yearl 

1980 
Domtar Fine Papers Ltd. 
Cornwall Chemicals 
Cornwall WPCP 

0.001024 
0.000188 
0.000304 

Total loading 0.00152 (0.553 kg/yearl 

C0urtaulds (Canada) Ltd. was discharging effluents through sewers from its 
associated company, British Cellophane Ltd., to the St. Lawrence River. 
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Table - 1 Comparison of model and field estimates of HCB mass distribution and its removal by various processes for Lake Ontario, 
Standard Pond and Lake \ 

Method/ Input Main removal processes Main retentive compartments 
Reference (kg) 

L. Ontario Pond Lake L. Ontario Pond Lake 

Toxfate" 16300 Volatiliza- Bottom 
(1) tion (67%) sediment 

Sedimenta- (4300kg) 
tion (29%) Water (61kg) 
Advection Suspended 
(4%) solids (4kg) 

Biota (3kg) 

Persiste- Volatiliza- Photode— Sediment Sediment 
nce Model tion (92.9%) gradation (96.6%) (92.4%) 
(2) Photodegra- (60.1%) Suspended Water 

dation (3.8%) Volatiliza-‘ solids (5.9%) 
Sedimenta- tion (37.2%) (2.4%) Suspended 
tion (4%) Sedimenta- solids 

tion (1.4%) (1.6%) 

Fugacity Volatiliza— Sediment 
Model (3) tion (94%) (95.4%) 

Others (6%) Water 
/ (3.2%) 

Air (1.2%) 
others 
(0.6%) 

Field'(l) 15000 Sedimenta— Bottom 
tion (57%) sediments 
Volatiliza— (8500 kg) 
tion (38%) Water (90 kg) 
Advection Suspended 
(4%) solids (9 kg) 

Biota (8 kg) 
Field2 (4) Sedimenta- 

tion (15%) 
(5) Advsction 

(5%) 
(5) Volatiliza- 

tion (80%) 
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Table - 1 (Canned/2) 

' — Estimates for 1983 (based on 1977-1933 data) 
2 - Estimates based on 1982 measurements 
(1) Halfon and Oliver (1985) 
(2) Asher et al., (1985) 
(3) Mackay et al., (1985) 
(4) Oliver and Charlton (1984) 
(5) Oliver (1984a) 
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Table - 2 Hexachlorobenzene concentrations in bottom sediment and soil in Canada‘ 

Region Year DL N %0 Range Mean Comments Reference 

Lake Superior 1980 0.05 13 100 0.02-O.7 0.2 Oliver & Nicol 1982 " 1983 6 0.7—4.1 2.4 3 cm Bourbonniere at al. 1986 
Lake Huron 1980 0.05 42 100 0.4-5 2 Oliver & Nicol 1982 
L. Huron (not incl. 1980 5 1.7-3.1 2.4 3 cm Bourbonniere et al. 1986 Georgian Bay) 
Southern 1’... Huron 1980 9 0.5-3. 3 1. 5 0-3cm Oliver 6: Bourbonniere 1985 
Lake Erie 1980 0.05 5 100 0.7—12 3 Oliver & Nicol 1982 

1982 5 2.5-20 7.6 Bourbonniere et a1. 1986 Western L. Erie 1982 9 4.6-17 9.1 0-3cm Oliver-E Bourbonniere 1985 Central L. Erie 1982 22 1.2-3.7 2.4 ' 
Eastern L. Erie 1982 15 1.4-5.2 2.7 ' 

USA Shoreline & 1981/82 43 < 63 IJC 1989 
tributaries 
Lake Ontario 1980 0.205 11 100 9—320 97 Oliver & Nicol 1982 
SW L. Ontario 1980 12 7.6-89 Kaminsky et a1. 1983 
L. Ontario 1981 6 150-380 226 Bourbonniere et a1. 1986 

" 1981 38 100 0-3 cm Oliver and Niimi 1988 
Western-L. Ontario 1981 9 100 62-840 2 cm Fox et al. 1983 
Sedimentation Basins 
Niagara Basin 1982 12 16-250 110 0-3cm Oliver et a1. 1989 
Mississauga Basin 1982 10 70-230 130 ” ' 

Rochester Basin 1982 13 39-200 100 " ' 

Kingston Basin 1982 3 8-21 14 " ' 

Hamilton Harbour 1982 20 25 ND-4 Poulton 1987 
St. Clair River 
Port Huron/Russel 1984 34 100 ND-24000 Oliver & Pugsley 1986 
Sarnia 1985 41 100 1.1-280000 370 35 km reach ' 

5200 5 km reach 
Below Sarnia 1986 1 6.1 Lau et a1. 1989 

' 1986 1 300 ' 

(10 m from Canadian shore) 
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Table - 2 (Cont..ed/2) 

Region Year DL N %D Range Mean Comments Reference 
Lake St. Clair 1980 2 36-99 68 0-3 cm Oliver & Bourbonniere 1985 

' 1985 34 0.4-170 32 0-1 cm UGLCCSHC 1988 
12 U.S.Tributaries 1985 12 50 1-7 " 

Detroit River 1980 1.0 59 ND-360 Hamdy & Post 1985 
" 1982/1985 26-140 36 UGLCCSMC 1988 

U.S. Shore 1982 28 2-106 Pranckevicius 1987 
Niagara River 
Upper Niagara R.2 1979 1.0 15 7 ND-22 NR‘I‘C 1984 

" 1981 1.0 13 61 ND-86 ' 

Lower Niagara R.3 1979 1.0 8 100 19250 55.3 ' 
' 1981 1.0 10 100 1-110 19.9 

Power Reservoir 1983 1.0 7 ND ND Kauss & Post 1987 
(Ontario) 
St. Lawrence River 
Kingston/Cornwall 1975 1.0 59 8 1-2 Kuntz 1988 
Cornwall/Massena 1979 1.0 54 ND-87 7 Kauss et a1. 1988 
Kingston/Cornwall 1981 1.0 7 28 <1-13 7.2 Merriman 1987 
Maitland Area 1983 1.0 19 89 ND- 351 One high value MOE 1989b 

(1'9) 
Riverine Lakes 

Lake St. Francois 1985 1.2-3.7 0—3 cm Kaiser et a1. 1990 
Lake St. Louis 1985 1.5-3.7 0-3 cm ” 
Lake St. Pierre 1985 0.43-0.57 0-3 cm 

Atlantic Region 1979/89 0.2 152 <8 <ND—10 Leger 1991 
(all provinces) 
Baie des Chaleurs 1979 0.2 30 73 0.2-7.9 3-13 cm Matheson & Bradshaw 1985 
Salmon River (NS) 1979 2 10 15 ND-19 Industrial MacLaren Marex Inc. 
1979 outfall 
East River (NS) 1979 2 12 100 19-273 Ind. outfall " 

Economy River (NS) 1979 2 10 50 2-9 Unpolluted " 

(control) 
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Table - 2 (Cont..ed/3) 

Region Year DL N %D Range Mean Comments - Reference 

Pacific Region 
Fraser River (BC) 1979 0.5 40 9 ND-l.9 1.3 Wood Can Test Ltd & EVS 

- preservation Consultants Ltd 1979 Vancouver Isl. (BC) 1979 5 70 20 ND-39 6.7 industry 
British Columbia 1977/80 1 6 100 90-11100 5430 Near landfill Wilson & Wan 1982 

" 1977/80 1 17 82 1-29000 280 Industrial ' 

outlet 
” ' 

1980 1 <1-48 Marine sediment ' 

near outfall 
" 3 5-54 27.6 Ditches in vegeta- " 

ble growing area 

British Columbia 1977/80 1 8 100 5-12600 1660 Soil from land- Wilson & Wan 1982 
filled sludge 

” 24 50 1.3-2.2 Agricult. soil ' 

" 5260 Soil near grain " 

treatment plant 
" 1971/77 5 100 3.6-19.l 11.2 Forest nursery “ 

soil 
" 2 100 2.3 Vegetable ' 

growing area 

‘ - Sediment (dry weight in ng/g); soil (dry weight in ng/g) unless otherwise specified 2 - South of Niagara Falls 
’ - North of Niagara Falls 
SW - southwestern N - number sampled 
ND - not detected an - % of samples detected 
0L - detection limit NA - no data available 
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Table - 3 Hexachlorobenzene concentrations in water and suspended solids in Canada‘ 

Region Year Medium DL N $0 Range Mean Cements Reference 

Lake Superior 1983 SW 16 100 0.012-0.052 0.028 Whole IJC 1989 
" 1986 SW 0.007 19 100 0.018—0.040 0.026 Whole StEVE'IS s Neilson 1989 

Lake Huron 1980 SW 0.01 5 0.02—0.1 0.04 Whole Oliver 5 Nicol 1982 
" 1986 SW 0.007 17 94 0.018-0.073 0.033 Whole Stevens & Neilscn 1989 
" 1984 SW 0.002 12 100 0.006-0.032 Dis. Neilson et a1. 1986 

Georgian Bay 1986 SW 0.007 7 100 0.032—0.052 0.041 Whole Stevens & Neilem 1989 
" 1984 SW 0.002 4 100 0.012-0.21 Dis. Neilson et a1. 1986 

Lake Erie 1986 SW 0.007 21 76 ND—0.260 0.078 Whole Stevens & Neilsm 1989 

Lake Ontario 1980 SW 0.01 5 0.02-0.1 0.06 Whole Oliver 5 Nicol 1982 

Lake Ontario 1983 SW 11 100 0.017-0.103 Whole Biberhofer G 
(near-shore) Stevens 1987 
(off-shore) 1983 SW 3 100 0.036—0.043 Whole " 

Lake Ontario 1986 SW 0.007 31 100 0.020-0.113 0.063 Whole Stevens & Neileon 1989 
" 1984 SW 7 0. 15 Whole Oliver and Niimi. 1988 
" 1981 SS 10 36 " 

Hamilton Harbour 1982 SW 36 25 ND-4 Poulton 1987 

Canadian sludges 1980/85 SL 15 7 ND-4000 Digested Webber & Lesage 1989 
and raw 

WPCP Ontario 1987 E 10 274 ND ND Treated MOE 1988 

St. Clair River 1985 SW 16 100 0.57-87 Whole Oliver 5: Kaiser 1986 
" ' 1985 SW 16 100 0.07-13 Dis. " 

" 1985 SS 16 100 46—40000 " 

Head (U.S shore) 1985 SS 1 6 <1 Johnson & Kauss 1987 
Head (Can.shore) 1985 SS 1 6 29 Mean biased " 

by one high 
value 

Head 1985 SS 8 ND-2.9 2.0 Chan et al. 1986 
Head 1985 SW <0.025 8 0.01-0.06 0.03 Whole Chan & Kohli 1987 
Head 1986 SS 1 3 Lau et a1. 1989 
Head 1986 SS 1 14000 " 

Head 1986 SW 1 0.041-0.044 Whole 

----------—‘---W°W°‘fi
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Hexachlorobenzene 

Table - 3 (Cont..ed/2) 

Region Year Medium DL N %D Range Mean Comments Reference 

St. Clair River 
Port Lambton 1985 SS '24 60-240 130 Chan et a1. 1986 

" 1985 sw <0.025 24 100 0.3—1.6 0.8 Whole Chan & Kohli 1987 

St. Clair River 1986 sw 43 <1-12 HOE 1987 
' " 1986 aw 43 <1-75 Bottom ' 

water 
Tributaries to 1985 sw 5 100 0.08-0.79 Whole Oliver 5. Kaiser 1986 
St. Clair River 1985 SW 5 4 ND-O.55 Dis. ' 

(Can/U.s. Shore) 1985 SS 5 100 12-180 ' 

Dow Chemical 1986 E 1.0 1.0—900 2.6—117 HOE 1987 
" 1985 E ND-2800 One day King G Sherbin 1986 

Sewer Complex survey 
Polysar Ltd 1985/86 E 1.0 1.0-650 4.8—28 Effluent HOE 1987 
Esso Chemical 1985 E 1.0 4.7 Effluent EC/HOE 1986 
Esso Petroleum 1985 E 1.0 2.5 Effluent EC/MOE 1986 
Suncor 1985 E 15 Effluent King & Sherbin 1986 
Sarnia WPCP 1985 E 3 Effluent Harsalek 1986 

" 1985 E 3 One day King & Sherbin 1986 
survey ‘ 

Sarnia (ON) 1985 UR 4 100 3-17 9 Runoff Harsalek 1986 

Township Ditch 1985 L/UR 2 100 18-24 Leachates/ ' 

Sarnia Runoff 
" 1985 L/UR 18 One day King & Sherbin_1986 

survey 
Dow Scott Road 1985 L 220' After carbon ' 

Sarnia (Landfill) treatment 

Detroit River 1985 SW <0.025 8 0.2-0.3 0.22 Whole Chan et al. 1986 & 
" 1985 SS 8 15—29 21 Chan & Kohli 1987 

Canadian 1984 SW 12 0.094-0.59 Whole Johnson and Kauss 
Shoreline 1984 SS 1.0 12 4.5-19.0 1987 ' 

v.3. shoreline 1984 SW 20 
I 0.06-0.39 Whole Johnson & Kauss 1987 

1984 SS 1.0 20 4.7—12.4 ' 

Grand River 1980 SW 0.01 10 0.02-0.1 0.06 Oliver‘& Nicol 1982 
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Tabb -3 (Contned/3) 

Region Year Medium DL N $0 Range Mean Comments Reference 

Niagara River - 

Niagara-on- 1980 SW 0.01 6 0.2 Whole Oliver's Nicol 1982 
the—Lake (NOTL) 1980/81 SW 75 95 0.8 Whole Kuntz E Warry 1983 

" 1981/83 SW 0.01 104 100 0.16-29 1.1 Oliver'& Nicol 1984 
" 1981/83 SW 0.01 4 0.84 Whole ' 
" 1986/87 SW 38 100 0.05-0.23 0.12 Whole DIG 1988 
' 1987/88 SW 44 98 0.02-0.62 0.1 Whole Kuntz (unpubl) 
" 1988/89 SW 44 91 0.06-0.2 0.1 Whole DIG 1990 

Fort Erie 1981/83 SW 0.01 4 0.05 Whole Oliver & Nicol 1984 
' 1988/89 SW 41 78 0.01-0.02 0.01 Whole DIG 1990 

Niagara River 1981 SS 5 100 1-73 Kuntz 1984 
Niagara-on- 1979/81 55 70 100 124 Kuntz & Warry 1983 
the-Lake (NOTL) 1986/87 SS 49 100 0.24-295 29 Kuntz (unpubl) 

' 1987/88 SS 44 100 2.2-251 40 ” 
" 1988/89 55 44 95 0.9-99.7 9.9 DIG 1990 

Fort Erie 1987/88 SS 49 65 0.9-3.8 1.6 Kuntz (unpubl) 
' 1988/89 SS 44 5 0.5-0.8 0.6 DIG 1990 

Industrial 1978 L 7 5700000 100000 Leachate NRTC 1984 
Landfills, 
Hyde Park 
C.N.R2 1982 L 3000 Leachate " 

Welland WPCP 1988/89 E 1.0 5 Effluent MOE 1989a 
Stelpipe 1988/89 E 1.0 3 Effluent MOE 1989a 
Welland Tube 
Works 
Can. Tributaries] 
Niagara River 
Fall Creek 1983 SW 0.3 Hart 1989 
Thompson's Creek 1983 SW 0.05 “ 

Welland River 1983 SW 0.06 " 

Chippawa Channel 1983 SW ND " 

Frenchman's Creek 1983 SW ND " 

Miller Creek 1983 SW 0.06 ” 

Baker Creek and 1983 SW ND " 

Uaaher'a Creek 
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Table - 3 (Cont. .ed/4) 

Region Year Medium DL N %D Range 
I 

Mean Comments Reference 

St. Lawrence River 
Hassena-Cornwall 1979 SW/P 1.0 47 4 ND-3 <DL Kauss et a1. 1988 " 1980 sW/P 1.0 9 38 ND-6 l ' 
Wolfe Isl. 1982/84 SW 0.4‘1 28 7 ND->0.4- <DL Sylvestre 1987 " 1982/84 SS 28 86 ND-56 11 - ' 
Kingston- 1981 SS 1.0 10 100 1-27 7.2 Herriman 1987 Cornwall 

. r 

Riverine Lakes 
Lake St. Francois 1985 SS 1.1-3.4 Kaiser et a1. 1990 Lake St. Pierre 1985 SS 0.24-1.1 ' 
Lake St. Louis 1985 SS 2.7 
Ontario/Minnesota 
Rainy River 1986 SW 0.1 3 ND ' Herriman 1988 " 1986 SS 4 3 ND ' 
Paper Pulp Mills 1986 E 0.1 2 100 <0.11-O.16 Effluent ' 

Atlantic Region 1979/89 SW 2.0 1042 <1 5 2.2 Ten-year Leger 1991 
- period

. Pacific Region
. Fraser River 1979 SW 5 4 ‘ ND ND Wood Can Test Ltd 5 Vancouver Isl. 1979 SW 5 7 l ND—12 preserv. M Chant. Ltd 1979 

\ industry Somass & Alberni 1979 E 5 11 1 ND—78 ' 
Pacific 
British 1977/80 E S 12 100 5-110 24.4 Chemical Wilson & Wan 1982 Columbia industry 

" 1977/78 SL 1 3 100 17-1270000 540000 Chemical ' 
. plant " 1977/80 BS/L l 6 100 90—11100 ‘ 5435 Chemical ' 

plant area 

' - Water (ng/L); sediment (dry weight in ng/g); sludge (dry weight in ng/g) unless otherwise specified 2 — Canadian National Railway Victoria Avenue landfill 
DL - detection limit WPCP - water pollution control plants NA - no data available POTW - publicly owned treatment works N - number sampled UR/S — sediment urban runoff 
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Hexachlorobenzene 

Table - 3 (Cont. .ed/5) 

%D - % detected UR/w — storm water urban runoff 
ND - not detected NOTL - Niagara-on-the-Lake 
Dis- aqueous phase BS - bottom sediment 
D — dump site BS/D — bottom sediment by dump site 
E - effluent SW - surface water 
L - leachate SW/E - surface water near industrial discharge 
SL - sludge SW/D - surface water by dump site 
w — whole water SW/P - surface water near point sources 

SS - suspended particles phase 
BS/L - sediment nearby landfill 

---------------Wowe‘fi-
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Hexachlorobenzene 

Table - 4 .Bioconcentration factor (BCF) of HCB in aquatic biota‘ 

Organism BCF (Initial Duration Type of Residue Reference 
cone. of study study conc. 
119/L) (d) (Hg/k9) 

PLANTS 
Chlorella tusca 248002 (50) 1 S Freitag et a1. 1982 
(alga) 

" 168663 Geyer et a1. 1981 
Selenastrum capricornutum 260003 Mallhot 1987 
(alga) 

Myriophyllum spicatum 1071 (5.9) 25 F 630 Gobas et a1. 1991 
(macrophyte) 
INVERTEBRATES 
Tubifex tubifex & 
Limnodrilus hoffmeisteri 24000 (0.25) Oliver 1987c 
(oligochaete worms) 
Elliptic complanata 3650 (0.43) 17 F Russell & Gobas 1989 
(clam) v 

Hacoma nasuta 3490 (0.9) 12 F Boese et al. 1990a 
(clam) .

- 

FISH 
Oncorhynchus mykiss 120002(0.0003) 119 " 2.9-6.0 Oliver & Niimi 1983 
(rainbow trout) . 

“ 200002(0.008) 105 " 13-160 ' 
" 5500 (2.6) 32 " Veith et a1. 1979 

Pimephales promelas 18500 (2.6) 32 " ' 

(fathead minnow) 
" 23400 32 " Ahmad et a1. 1984 
" 350002 (0.2) 28 -' 5340 Kosian et a1. 1981 
' 520003 

Lepomis cyanellus 21900 (2.6) 32 " Veith et al. 1979 
(green sunfish) 
Oryzis latipes 31300 (0.082) 14 

g 

2500 Huang et a1. 1986 
(Japanese medaka) 
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Table - 4 (Cont..ed/2) 

Organism BCF (Initial Duration Type of Residue Reference 
cone. of study study some. 
pg/L) (d) (us/kg) 

Luciscus idus 26002 (39) 3 S Freitag et al. 1982 
(golden orfe) 
MARINE 
Fundulus similis 375 (0.42) 11 " 70 Giam et a1. 1980 
(killfish) 

OTHER 
Myriophyllum spicstum 537000‘ 25 F Gobas at a1. 1991 
(macrophyte) 
Oncorhynchus mykiss 144000‘ Oliver & Niimi 1983 
(rainbow trout) 
Salmo salar 690‘ (6.6) 955 zitko E Hutzinger 1976 
(Atlantic salmon) 580 

Poecilia reticulata 290000‘ (0.3) 19 Konemann & van Leeuwen 
(guppy) 1980 

Poecilia reticulata 345410‘ Opperhuizen et a1. 1988 
(guPPY) 

- wet weight unless otherwise specified 
Nonequilibrated F — flow—through system 
calculated 8 - static 
lipid weight d - day 

an»... 

II 
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Hexachlorobenzene 

Table - 5 Accumulation of HCB in terrestrial plants 

Plant Soil Plant 'BAF Duration Comments Reference 
(init.conc. (mg/kg), (day) when 

Wheat (whole) 0.38 7.9 112 Outdoor conditions Scheunert et a1. 1983 roots 70.3 " treated seeds ' 
low stems 1.9 " " ' 
straw 0.4 " " ” 
husks 0.1 " " " 
grain 0.03 " " ” 

Barley 2.0 3.6 1.9' 7 Screening test Klosowski et a1. 1981 
treated soil 

Barley (whole) 
. 
2.2 29 4.8 10 Outdoor conditions Topp et a1. 1989 

11 1.7 31 treated soil ' 
2.9 0.6 69 “ ' 
1.4 0.4 124 " ' 

Grain 0.3 125 " ' 

Cress (whole) 2.2 96 15 10 " 
24 5.5 24 " 
6.6 2.6 77 

BAF (Bioaccumulation Factor) - plant dry weight / soil dry weight ratio 
' - plant wet weight / soil dry weight 
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Table - 6 Environmental persistence of hexachlorobenzene 

Medium Fate Process Half-life Reference 
Hours Days Years 

AIR Photolysis 90 Hill & Haag 1986 
Photooxidation 156.4 - 4.2 Howard et al. 1991 

SOIL Biodegradation 2.7-5.7 " 

(unacclimated) 
Biodegradation 4.3 Beck & Hansen 1974 

SEDIMENT Desorption 60‘ Oliver 1985 
WATER Volatilization 5-5.7 Dime 1982 cited in 

Carpenter et a1. 1986 
Volatilization 8 Callahan et a1. 1979 

Photolysis 90 Mill & Haag 1986 
Aerobic biodegradation 2.7-5.7 Howard et a1. 1991 
(unacclimated) 
Anaerobic biodegradation 10.6-22.9 " 

pond Field 1.3 Schatmete et a1. 1982 

river Field 0.3-3 Zoeteman et a1. 1980 

GROUND WATER Aerobic biodegradation 5.3-11.4 Howard et a1. 1991 

INVERTEBRATES Elimination 
Elliptic complanata 3.3 Russell & Gobas 1989 
Macoma nasuta 16 Boese et al. 1990a 
FISH Elimination 
Fundulus similis 9-12 Giam et a1. 1980 
Pimephales promelas >7<21 Kosian et a1. 1981 
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Hexachlorobenzene \ 

. Table - 6 (Cont..ed/2) 

Medium Fate Process v Half-life Reference 
Hours Days Years 

other Species 
Tubifex tubifex Elimination ' 27 Oliver 1987c 
Limnodrilus 
hoffmeisteri 
(interstitial water) 
Oncorhynchus mykiss Elimination >210 Niimi 8 Che 1981 
(from diet) 

Oncorhynchus mykiss Elimination 60-70 ‘ Norhehna Roahil985 
(injection) 

‘- at 4°C 
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Table - 7 Hexachlorobenzene concentrations in air (ng/m“) and precipitation (ng/L) 

Region Year Medium DL N %D Range Mean Reference 

Canadian sites 
Ontario & Quebec 1978/79 Air 230 17 ND SCIEX Inc 1979 

Windsor (ON) 1987/88 Air 0.03 19 18 run-0.27 0.15 EC 1989a 
Walpole 151. 1988 Air 0.03 13 13 0.03-0.29 0.16 " 

Windsor (ON) 1988/89 Air 0.02 32 30 ND-0.36 0.15 EC 1990b 
Walpole Isl. 1988/89 Air 0.02 30 29 ND-0.34 0.15 ” 

Lake Superior 
Isle Royal 1983 Rain 3 2 ND-0.1 0.03 strachan 1985 
Caribou Island 1983 Rain 5 3 ND-0.4 0.07 " 

Caribou Island 1984 Rain 5 3 ND-0.23 0.09 Strachan 19888 
Agawa 1984 Rain 4 2 ND-O.11 0.03 " 

Kouchibouguac (N8) 1984 Rain 4 3 ND-0.12 0.07 ' 

Cree Lake (Sask.) 1984/85 Rain 0.01 Strachan 1988b 
Suffield (Alta) 1985 Rain 0.84 ' 

British Columbia 
Kanaka Creek 1986 Rain 0.03 Strachan 1988b 
Coquihalla Summit' 1991 Snow 2 2 0.025 DEC 1991 
Mount Alex Graham' 1991 Snow 2 2 0.068 " 

Tyaughton Lake' 1991 Snow 2 2 0.027 " 

Mount McKinnon' 1991 Snow 2 2 0.026 " 

Telegraph Ridgel 1991 Snow 2 2 0.015 " 

Duffy Lake' 1991 Snow 2 2 0.011 ' 

Mount Washingtonl 1991 Snow 2 2 0.010 " 

Canadian High Arctic 1986 Air 8 8 0.13-0.233 0.19 Patton et al.1989 
(Beaufort Sea) 1987 Air 6 5 ND-0.154 0.15 " 

' 1986 Snow 4 4 <0.002-0.10 Bidleman et a1. 1989 
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Table - 7 ' 

(Cont..ed/2) 

Region Year Medium DL N ND Range Mean Reference 

other Locations 
Enewetak Atoll 
(Pacific Ocean) 1979 ‘ Air 11 0.095-0.13 0.10 Atlas & Giam 1981 
Bear Island (Arctic) '

' 

(Summer) Air 0.001 5 0.029-0.045 0.04 Oehme & Stray 1982 (winter) Air 0.001 5 0.059-0.188 0.111 -
" 

Spitzbergen 
(Summer) Air 0.001 4 0.050-0.085 0.075 " 
(Winter) A Air 0.001 5 0.071-0.095 0.086 " 
Jan Hayen (Arctic) 1982/83 Air 0.001 0.050—0.200 Oehme & Ottar 1984 
Lillestrom (Norway) . Air 0.001 7 0.055-0.234 0.162 Oehme & Stray 1982 
Portland (Oregon) 1984 Air 7 7 0.05-0.11 0.075 Ligocki et a1. 1985 
Aspvreten (Sweden) 1984 Air 11 11 0.054->0.165 0.067 Bidlemulet al.1987 
Stockholm (Sweden) 1983/85 Air 11 11 0.054->0.130 0.07 
Chemical Production Air 0.002 9 9 ND-24000 I 

Spigarelli et al. 1986 
Plants (USA) 

Kenton (France) Rain 10 ND-1.7 0.65 Villeneuve & Cattini 
1986 Enewetak Atoll 1979 Rain 16 <0.03 Atlas & Giam 1981 

(Pacific Ocean) - 

' - snow at surface 
DL - detection limit 
%D - number detected 
N - number sampled 
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Table - 8 Environmental concentrations of hexachlorobenzene outside Canada‘ 

Region Year Medium DL N %D Range Mean Comments Reference 

Italy 1971/72 S 7 71 40 Farming area Leoni.& D'Arca 1976 
" 1969/74 SW 120 90 ND-25.1 2.5 Rivers ' 

USA 1972 S 1483 0.7 10-440 <10 37 states Carey et a1. 1979 
Chemical Plants S 0.002 9 89 ND-S700000 Spigarelli et a1. 1986 
Areas (USA) 

Mississippi River 1975 BS 29 <0.7-900 Laska et a1. 1976 
(Louisiana) 1975 SW <700-90300 ' 

Baton Rouge 1977/78 5 20000—400000 Hazardous waste Davis & Morgan 
(Louisiana) Liquid 20000-17800000000 waste sites 1986 

Sediment 39500-610000 ‘ 

U.S. sludges SL 40 2 <1000-20000 0.8. EPA 1982 as cited 
in Webber & Lesage 
1989 

German sludges SL 31 71 <10-1150 60 Witte et al. 1988a 
United Kingdom SL 0.3 4 22 Municipal sludge Wang 5 Jones 1991 
sludges SL 3 273 Munic. & indust. ' 

Nueces Estuary 1980 SW 1.0 8 100 <0.01-0.61 0.24 Ray et al. 1983a 
(Texas) 1980 BS 8 100 <0.01-0.73 0.11 ” 

Portland Harbour 1980 BS 8 <0.03-0.37 Marine sediment Ray et al. 1983b 
(Maine) 
Gulf of Mexico 1980 BS 3 100 0.05-1.5 0.49 Murray et a1. 1981 
(Texas) 1980 SW 3 ND ” 

Tributaries to 1977/78 SW 1.0 36 ND Galassi & Provini 1981 
Adriatic Sea 
(Italy) 

Lake Geneva 1978 BS 0.5 80 94 0.1-3.1 1.0 Thomas et a1. 1984 
(Switzerland) 
Rhone R. (upper) 1978 85 0.5 30 100 0.4-3.3 1.0 " 

(Switzerland) 
Osaka Prefecture 1981/83 as 6 100 1.8-8.1 2.6 Rivers Watanabe et a1. 1987 
(Japan) 1981/83 BS 9 100 0.5-100 13.1 Estuaries " 
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Tabm-8 (Contued/Z) 

Region Year Medium DL 1 N %D Range Mean Comments Reference 

North Sea 1979/84 SW 9 100 0.03-15 2.7 Coastal waters Ernst 1986 
(German Bight) and estuaries 
Mediterranean 1982/83 SW 0.1 20 70 ND-12.6 2.13 At Port-Said El-Dib & Badawy 1985 
Sea (Egypt) 1982/83 BS 0.1 8 63 ND-12.0 4.1 
Tributaries to SW 8 71 Tr-72000 26000 Rivers Kessabi.et a1. 1988 
Mediterranean Sea 
(Morocco) E 9 56 1000-105000 21000 Urban effluent " 

E 4 100 1000-81000 30000 Indust. effluent " 
Ebre Delta 1985/86 SW 0.52 7 100 ND-1.0 0.041 Dis. Grimalt etal. 1988 
(Spain) 1985/86 55 0.52 7 100 bun—2.23 0.223 - 

Forth Estuary 1987 SW 0.01 9 89 <0.01-196 Rogers et a1. 1989 
(Scotland) 

Southern Calif. SW <0.1 6 50 <0.1-26 Surface Cross et a1. 1987 
(Coastal water) microlayer 
Atlantic Ocean 1985 0.001 16 100 0.003-0.036 0.012 Water column Kramer & 

up to 1200 m Ballschmiter 1988 
- Indian Ocean 1986 0.001 2 ND " 

‘ - soil/sediment (dry weight in ng/g); water (ng/L); (SL) sludges (dry weight in ng/g) unless otherwise 
specified 

2 - pg/L 
3 - ng/L 
DL - detection limit 
tD - % detected 
S - soil 
SW - surface water 
SL - sludges 

BS 

SS 
Tr 

number sampled 
bottom sediment 
effluents 
suspended sediments 
trace 
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Table - 9 Hexachlorobenzene residue levels in Canadian aquatic organisms‘ 

Location Organism Year N Tissue DL Range Mean Reference 

Lake Superior Zoobenthos 1983 27 W 1 IJC 1989 
" Coregonus clupeaformis 1974/76 30 W 3 Swain 1978 

(whitefiah) 
" Salvelinus namaycush 1974/76 24 W 5 Swain 1978 

(lake trout) 
' Notropis hudsonius 1983 8 W 1 ND Suns et al. 1985 

(spottail ahiners) 
Siakiwit Lake Salvelinus namaycuah2 1983 18 W 40-110 65 Swackhamer & Hites 
(Isle Royale) lake trout 1988 

Coregonus clupeaformis2 1983 15 W 64-100 85 ' 

Whitefish 
Lake Huron 
Nothern Part Coregonus clupeaformis 1978 10 W 9—34 18 Kaiser 1982 

Petromyzon marinys 1978 10 W 3-16 8 ' 

(lamprey) 
Lake Erie Notropis hudsonius 1981 45 W 1 Tr Suns et a1. 1983 
Big Creek and " 1982/84 22 W >1 EC/DFO/NHW 1991b Leamington 
Lake Erie Hustela vison 1978/79 52 C <10 Proulx et a1. 1987 

(mink) 
Lake Ontario 
Western Basin Oligochaetes3 1981 9 W 63—1200 300 Fox et 31.1983 

" Amphipoda’ 1981 10 w 83-1600 606 " 

Lake Ontario Salvelinus namaycush 14 W 40-120 80 Niimi 1979 ' (lake trout) 10 W 90 Niimi 5 Oliver 1989 " Oncorhynchus mykiss 15 W 30-125 62 Niimi 1979 
(rainbow trout) 12 W 42 Niimi & Oliver 1989 " Oncorhynchus kisutch 20 W 16—50 36 Niimi 1979 
(coho salmon) 9 W 24 Niimi & Oliver 1989 " Salmo trutta 10 W 25 ” 

(brown trout) 
' Plankton 1982 3 W 1.6 Oliver & Niimi 1988 " Mysis relicta 1981-1984 2 W 4.0 ' 

(mysid) 
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Hexachlorobenzene 

Tabb -9 (Contued/ZD 

Location Organism Year N Tissue DL Range Mean Reference 

' Pontoporeia affinis 1985 6 W 18 " 

(amphipod) 
' Tubifex tubifex and 1985 6 W 3.5 ” 

Limnodrilus hoffmeisteri 
(oligochaete) 

” Cottus cognatus 1986 W 38 " 

(sculpin) 
' Alosa pseudoharengus 1982 W 20 ' 

(alewive) 
small smelt 1986 6 W 7.6 ' 

Osmerus mordax 1982 W 14 ' 

(large smelt) 
' Salmonide 1982 60 W 38 ' 

Niagara—on- Notropis hudsonius 1979 W 12 Suns et a1. 1985 
the-Lake (NOTL) .(Spottail Shiner) 

' ” 1981 45 W S Suns et a1. 1983 
' " 1983 30 W 3 Suns et a1. 1985 
' " 1987 W 3 Suns et a1. 1991 

Welland Canal " 1983 30 W 3 Suns et a1. 1985 
Twelve Mile Creek " 1983 30 W 5 " 

' " 1987 W 2 Suns et al. 1991 
Burlington Beach " 1983 30 W 2 Suns et al. 1985 , 

Himico Creek " 1983 30 W 13 ' “ 

' " 1987 W 1 Suns et a1. 1991 
Humber River " 1983 30 W 13 Suns et a1. 1985 

' ' 1987 W 2 Suns et a1. 1991 
Oshawa Creek " 1982 30 W 2 Suns et a1. 1985 
Wolfe Island " 1983 30 W Tr Suns et a1. 1985 

' " 1987 W - 2 Suns et al. 1991 
Credit River ' 1983 70 W 2 Suns et al. 1985 

' ' ' 1987 W 2 Suns et a1. 1991 
st. Clair River 
st. Clair R. Elliptic complanata 1982 13 W <1-24 Kauas & Hamdy 1985 
Chenal Ecarte ' 1986 46 W 1.5-4.13 Innea et a1. 1988 

' ' 1987 41 W 0.99—2.35 Muncaster et a1. 
- 1989 

Walpole Isl. ' 1986 45 W 1.5-3.75 Innes et al. 1988 
" " 1987 38 W 0. 88-2 . 94 Huncaster et a1. 1989 

St. Clair R. Insects3 1986 21 W 18.6-223 90. 2 Ciborowaki & Corkum 
I 1988 
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Table - 9 ‘ (Cont..ed/3) 

Location Organism Year N Tissue DL Range Mean Reference 

Sarnia Notropis hudsonius 1983 W 231 Suns et al. 1985 
Chenal Ecarte " 1983 W 10 ' 
St. Clair R. " 1987 W 8.2-40.2 Craig 6: Haffner 1988 

" Labidesthes sicculus 1987 W 4.1—10.5 ” 

(brook silverside) 
” Pimephales notatus 1987 W 12.3-62.8 W 

(bluntnose minnow) 
Lake st. Clair 
Stoney Point & Elliptic complanata 1986 42 W 0.1-0.41 Humunnxu'etal.1989 
Bell R. 

Detroit River " 1982/83 27 W <1-3 ' 
" Insecta3 1986 16 W 10. 7-119 21 Ciborowski & Corkum 

1988 
Fighting Isl. Notropis hudsonius 1983 W 4 Suns et a1. 1985 
Amherstburg " 1983 W 5 " 

Niagara River 
Fort Erie " 1983 W ND Suns et a1. 1985 
Welland River (Ont) ” 1982 W 1 
Queenston (Ont.) ” 1982 W 3 " 
Lewieton (N.Y.) " 1982 W 7 ” 
102-nd Street (N.Y) " 1982 W 8 " 

Eastern Canada 
Cornwall/Massena Vallisneria 1979 5 W 51 Kausa et a1. 1988 

americana 
(macrophytes) 

" Macroinvertebrates 1979 6 W 52 Kauas et a1. 1988 
Abercombie Point Clams 1979 2 W 2-4 HacLaren Marex Inc 
(Nova Scotia) 1979 
St. Lawrence R. Elliptic complanata and 

Lampsilis radiate 1985 32 W 0.01 50.5 Hetcalfe & 
Charlton 1989 

Grass River Notropis hudsonius 1983 W ND Suns et al. 1985 
Cornwall ' 1983 2 ' 
Maitland " 1983 W 2 ' 
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Tabb -9 (Contued/41 

Location Organism Year N Tissue DL Range Mean Reference 

Economy R. Eel 1979 l W <2 . MacLaren Marex Inc 
(Nova Scotia) ' 1979 
Nova Scota and Salvelinus fontinalis 1981/82 49 W ND-54 Peterson 5 Ray 1987 
New Brunswick (brook trout) 

" Perca flavescens 1981/82 13 W ND-15 
(yellow perch) 1981 4 

Alberta 1982 0.2 

Lakes in vicinity Coregonus artedii 1978 13 M <l—2 1 Tsui & McCart 1981 
of Cold Lake (lake cisco) 1978 6 F 30-195 55 " 

Coregonus clupeaformis 1978 12 M <1-21 1 " 
' ' 1978 12 F 9-213 47 ' 
' Catostomus commersoni 1978 8 M <1 ” 
' (white sucker) 
' Catostomus commersoni 1978 4 F <1-48 23 “ 
' Esox lucinus 1978 11 M ND-<l <1 ' 
' (northern pike) 1978 9 F 6-86 34 ” 

Major lakes and Composite fish 1978 750 F 1 1-39 ABG 1984 
rivers species 
Northeastern Lutra canadensis 1981/83 58 F 6-97 30.5 Somers et a1. 1987 
Alberta (otter) 1981/83 44 L 1-20 3 " 

British Columbia 
Lower Fraser R. Composite fish , 1978 33 W 1.4-17 5.4 Garrett 1980 

species 
Lower Mainland Cottus asper 1978 18 L 0.5 ND— 8 Can Test Ltd 

" " 1978 18 M 0.5 ND 5. svs Consult. Ltd 
' Leptocottus armatus 1978 25 L 0.5 ND 1979 
' ' 1978 25 M 0.5 ND " 

Marine Species
_ 

Ice Iceland Plankton 1987 29 W 0.1-0.9 0.4 Hargrave et a1. 1989 
(Beaufort Sea) 

Benthic amphipods 1987 13 w 4.4-3 5.8 " 
' Pseudalibrotus lito— 1986 1 W 26 ' 

ralis (pelagic amphipod) ' 

Brittle star 1987 3 W 2.4 " 
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Table - 9 (Cont..ed/5) 

Location Organism Year N Tissue DL Range Mean Reference 

" Salvelinus alpinus 1987 W 6.9 ' 

(Arctic char) 
Vancouver Isl. Hya sp. 1978 340 S 0.5 ND Can Test Ltd & 

" Cancer sp. 1978 51 M 0.5 ND EVS Consult. Ltd 
" Leptocottus armatus 1978 33 L 0.5 ND-54 1979 

Ice Island ringed seal 1987 F 15 Hargrave et a1. 1989 
(Beaufort Sea) 
Eastern Canada 
Northwest Chinoecetes opilio 1971/72 4 W ND-l Sims et a1. 1977 
Atlantic (queen crab) 

Hytilus edulis 1971/72 3 W 2-4 3 " 

(mussel) 
Mya arenaria (clam) 1971/72 4 W ND-3 1 ' 

" Placopecten magel- 1971/72 5 W ND-l 1 ' 
" Janicus (scallop) 
" Sea urchin 1971/72 2 R 1-2 2 
" Homarus americanus 1971/72 13 ND-l 
” (lobster) 
" " 1971/72 11 H 22—106 54 ' 

Baie des Chaleurs " 1979 17 M 0. 2-1. 7 1. 7 Hatheson & Bradshaw 
Bivalve 1979 17 S 0.7-2.0 1.05 1985 

Northwest Alosa pseudoharengus 1971/72 6 W 5-7 6 Sims et a1. 1977 
Atlantic (alewives) 

" Hallotus villosus 1971/72 2 W 6 ' 

(capelin) 
" Gadus morhua (cod) 1971/72 7 W ND-l 1 ' 
” 'Helanogrammus aegle- 1971/72 12 W ND-2 1 " 

finus (haddock) 
" Hippoglossus hippo- 1971/72 1 W 2 ' 

glossus (halibut) 
" Clupea harengus 1971/72 2 W 16-24 20 ' 
" (herring) 
" Scomber scombrus 1971/72 13 W 2—16 10 ” 
" (mackerel) 

Sebastes marinas 1971/72 10 W 1—6 3 ' 

(redfish) 

--—--—---—--_--'NWOE‘°‘§E-
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Tabb -9 (Contued/G) 

Location Organism Year N Tissue DL Range Mean Reference 

' Thunnus thynnu 1971/72 4 W 2-5 3 " 

(tuna) 
Limanda ferruginosa 1971/72 4 .w 1-2 2 " 
(yellowtail) 
G. morhua 1971/72 1 L 39 Sims et a1. 1977 

” 1980 100 L TR-SO 20 Freeman 9: al. 1984 
Baie des Chaleurs Cod & flatfish 1979 9 L 4.5-24 12 Hathesonaxaradshaw 

' " 1979 12 M 0.5-2.0 1.7 1985 
Northwest Phoca groenlandica 1976/78 30 B 30—80 46 Ronald et a1. 1984 
Atlantic (harp seal) 1976/78 16 L 0-10 2 " 

' ' 1976/78 12 M 0—20 4 
' ” 1976/78 86 EL 0-1070 160 

Gulf of St. " 1976/78 17 EL 0—60 11 
Lawrence ' 1976/78 17 VT 0-10 2 " 

Newfoundland] ” 1976/78 64 VT 0-390 70 " 
Labrador Front “ 1976/78 23 BL 40-730 260 " 
Northwest Greenland " 1976/78 3 EL 9 " 

Bay of Fundy/Nova Eubalena glacialis 1989 21 F ND-20 Woodley et al. 1991 
Scotia Shelf (whale) 
Hudson Bay/Buffin Ursus maritimus 1982/84 121 L 6-21 Norstnunet 81.1938 

- dry weight 
- carcass 
- fat tissue 
- liver 
- muscle 
- roe 
- soft tissue 
- trace ‘ 

2 

amxtmwmou- 

5::

v

I 

- whole body 

— extractable lipids from brain, kidney, 
- hepatopancreas 

number sampled 

— ng/g wet weight, unless otherwise specified 
- ng/g of fish lipid 

liver, muscle, and blubber 

- various tissues (liver, kidney, brain, muscle, blood, and blubber) 
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Table ~ 10 Hexachlorobenzene residue levels in Canadian birds‘ 

Organism Location Year N Tissue DL Range Mean Reference 

Larus argentatus Lake Superior 1974/75 39 E 20-330 Gilman et al. 1979 
(herring gull) Western Basin 1977 10 " 5 30-70 50 Niemi et a1. 1986 

” “ 1977 14 M 5 ND-20 10 ' 
" " " 6 BL 5 10—20 10 ' 
" Granite Isl. 1978 10 E 140 Hallett et a1. 1982 
“ Agawa Isl. " 1O " 90 ' 
" Agawa Rock 1981 ” " 123 Ellenton et a1. 1985 
" " ' " " 4O EC/DFo/NHW 1991b 
" " 1986 10 " 60 ' 
" Granite Isl. 1986 " ” 50 ' 
" " 1989 " " 60 ' 

Lake Huron 1974/75 40 " 50-420 Gilman et a1. 1979 
" Double Isl. 1978 10 " 90 Hallett et a1. 1982 
" Chantry Isl. ' 10 " 140 ' 
“ ” 1981 " 120 Ellenton et a1. 1985 
" Channel/Shelter 1981 " 141 ' 
“ Isl. 1982 10 " 170 Struger et al. 1985 
" Chantry Isl. 1984 10 " 70 Weseloh et a1. 1987 
" Double Isl. 1984 10 " 60 ' 
" Channel/Shelter 1984 10 80 ' 
" " 1986 10 " 75 Bishop et al. 1992 
" Double Isl. 1986 10 " 4O ' 
" Chantry Isl. 1986 10 " 50 ' 
” " 1989 ' 3O EC/DFO/NHW 1991b 
' Double Isl. 1989 " 4O ' 
" Channel/Shelter 1989 " 80 ' 

Isl. 
Lake Erie 1974/75 42 60-310 Gilman et a1. 1979 

" Port Colburne 1978 10 ' 90 Hallett et a1. 1982 
" Middle Isl. 1978 10 ' 90 ' 
" ' 1986 ' 60 EC/DFO/NHW 1991b 
" Port Colburne 1986 10 ' 50 ' 
N u II I 
" Middle Isl. ' " 50 ' 

Lake Ontario 1974/75 39 ' 10-720 Gilman et a1. 1979 
" Mugs Isl. 1978 10 ' 280 Hallett et a1. 1982 
" Snake Isl. ' 10 " 350 ' 
' Presqu'ile 1981 ' ' 221 Ellenton et a1. 1985 
" Snake Isl. 1989 ' ' 70 EC/DFO/NHW 1991b 
' Mugg's Isl. ' " ' 60 ' 

----—-—-—-----—W°We‘fi-
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Tabb -10 (Cont ed/2) 

Organism Location Year N Tissue DL Range Mean . Reference 

Larus argentatus Detroit River 
' Fighting Isl. 1978 11 E 280 Ec/DFo/NHW 1991b 
' ' 1979 10 " 331 ” 
" ' 1981 10 " 250 Struger et al. 1985 ' ' 1981 321 Ellenton et a1. 1985 ' ' 1982 10 " 130 struger et a1. 1985 ' ' 1983 '11 " 125 EC/DFo/NHW 1991b ' ' 1984 10 " 209 ' 
' ' 1985 10 " 972 " 
' ' 1986 1 " 59 " 
' ' 1989 " 50 " 

Niagara River 
' Island near 1979 11 " 120-220 170 ' 

Niagara Falls 1986 11 " 60 " 
' ' 1989 11 " 40 " 

New Brunswick 1976 S " 10-50 Gilman et al. 1979 ” Manawagonish Isl.1979 10 " 1.8—29 7.7 Matheson et 31. 1980 ' Kent Isl. 1981 " 23 Ellenton et 51. 1985 
Nova Scotia " 
Boot Isl. 1981 10 " 1.9-30 9.9 " 
Prince Edward I. 

' Cherry Isl. 1981 10 " 1.0-62 24.5 " 

Sterne hirundo Lake superior 
(common tern) Western Basin 1977 10 E 5 20-3702 60 Niemi at al. 1986 ' ' " 12 M 5 ND-20 10 " 

' ' ” ' 5 BL S ND-lo 0 ' 
. 

Lake Huron 
' ' N. Limestone Isl.1981 10 E 100 ND Weseloh et a1. 1989 

Lake Erie 
' Port Colborne 1981 10 ' 100 ND ' 

Lake Ontario 
Leslie St. Split 1981 10 ” 100 ND-lOO " 
Detroit R. 
Fighting Isl. 1981 10 " 100 ND-130 ' 
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Table - 10 (Cont..ed/3) 

Organism Location Year N Tissue DL Range Mean Reference 

Lake Superior 
Larus de1awarensis Lake Superior 1977 10 E 5 10-90 30 Niemi et a1. 1986 
(ring-billed gu1l) " " 12 M 5 ND—20 10 ' 

” " " 10 BL 5 ND—lo 0 ' 

Nycticorax Lake Huron 
nycticorax Chantry Isl. 1982 12 E 40 EC/DFO/NHW 1991b 
(black-crowned 
night heron) Lake Erie 

" Middle Isl. 1982 120 " 10-53 30 
Lake Ontario 

" Pigeon Isl. 1986 180 " 7O ' 

" " 1982 120 " 18-100 40 
" Little Galloo 1982 12 " 50 
" Isl." 1986 12 " 10 

st. Clair R 
” Walpole Isl. 1986 12 " 10 ' 

Niagara R. 1982 12 " 60 
" " 1986 12 " 60 

Phalacrocorax New Brunswick 1973/75 " 17 zitko 1976 
auritus (double Hanawagonish 1979 10 " 0.7-41 11.6 Hatheson et a1. 1980 
crested cormorant) Isl. 1968/84 " 10—25 Pearce et a1. 1989 

1984 " 12 ' 

Nova Scotin 
" Boot Isl. 1984 10 ” 9.9-46 16.3 Matheson et a1. 1980 
" st. Lawrence R. 
" Ile aux Pommes 1968/84 4-10 " 15-40 Pearce et al. 1989 
II II n I 

Fratercula New Brunswick 1968/84 4-10 " 55-229 ' 

arctica Hachias Seal I. 1984 " 60 ' 

(Atlantic Newfoundland 
puffin) Great Isl. 1968/84 4-10 " 55—95 

It I I O! 
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Table - 1o (Canned/4) “ 

Organism Location Year N Tissue DL Range Mean Reference 

Oceanodroma New Brunswick 
leucorhoa ' Kent Isl. 1968/84 4-10 E 32-55 Pearce et a1. 1989 (leach's storm— 1984, ' " 42 " 
petrel) Newfoundland 

' Great Isl. 1968/84 4-10 " 
. 

52-82 " 
' ' 1984 " 52 ' 

Podiceps Manitoba 1981 12 " 380-4490 2010’ De Smet 1987 grisegena Tourtle 
(red-necked Mountain Prov; 
grebe) Park - 

British Columbia 
Ardea herodias Coquitlam 1977 12 " 10—280 46.7 Wilson & Wan 1982 (great blue heron) Crescent Beach 1977 11 " 20-50 23.6 " 

' HcGillvary 1977 2 " 10-40 25 ' 
Slough 

' Point Roberts 1977 13 " 10-60 23.8 ' Pender Harbour 1978 12 " 10—50 31.7 
Gallus gallus Ontario 1972/74 I 

21 F 9 Frank et al.1985b 
(chicken) 

' " 84 E 108 ' ' 1981/82 96 " 0.6 

- ng/g wet weight, unless otherwise specified 
- one high value reported 
- lipid weight 
- number sampled 
eggs 
muscle 
blood 
lipid tissue 

wwzmzwh'" 
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Table - 11 Hexachlorobenzene residue levels in biota from outside Canada‘ 

Organism Location Year N Tissue DL Range Mean Reference 

PLANTS 
Lichens Antarctica 1985 9 0.30-2.16 0.72 Bacci et a1. 1986 
Mosses " 1985 4 0.30—0.80 0.56 ' 

Plant foliage Italy 1984 7 1—302 5.6 Gaggi et a]. 1985 
(lichen, pine, Asia, Africa 1984/85 24 0.1-12 0.3 ' 

oak, ivy, etc.) 

Pinus strobus USA 1984/85 5 3-222 11.4 ' 

Corn stalks USA 1972 2 201 Carey et a1. 1979 

Fruit/leaves Germany 1986/87 39 0.5 0.5—1.12 0.67 Witte et al. 1988b 
(clover, rape 
wheat, etc.) 
FRESHWATER FISH 
Composite fish Major Watersheds 1979 48 Whole 3-1500 Kuehl et a1. 1983 
species Great Lakes, USA 
Composite fish Harbors and 1980/81 34 ' 3-1303 DeVault 1985 
species Tributaries to 

Great Lakes, USA 
" Ashtabula River 1980/81 ' 710—3410 ' 

Ohio 
Cyprinus carpio Niagara River 1984 10 Lipid 82-1600 462 Jaffe & Bites 1986 
(carp) .New York 
C. carpio, Ca- Tributaries to Lake 1984 11 ' 37—480 136.4 ' 

rassius aura- Ontario, New York 
tus (goldfish) 

Composite fish Major Rivers and 1984/85 321 Whole 10 ND—420 Schmitt et a1. 1990 
species Lakes, USA 
Fish (mainly Inland Waters 1980/81 72 Lipid 275-463 349 Brunn & Manz 1982 
trout) (Small Watersheds) 

Germany 
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Table - 11 (Canned/2) 

Organism Location Year N Tissue DL Range Mean Reference 

Composite fish Lahn River 1980/81 300 Whole ND+233 1 Schuler et a1. 1985 
species Germany 

’ MARINE SPECIES 
Plankton Southern Baltic 1983 14 " 1.7-5.8 2.9 Falandysz 1984 

Poland 
Mytilus edulis Northeast Atlantic 1974/76 ' <12 ND Phelps at al. 1986 

USA Coastal Waters 
" Fjord Ora 2 " 2 Bjerk & Brevik 1980 

Norway 
” Wadden Sea ' 0.1 Ernst 1986 

Mya arenaria Germany <1 " 
Clams, oysters Chesapeake Bay 1976/80 ' 1.0 TR Eisenberg & 

Maryland Topping 1984 
Clams Portland 1980 7 " <0.1—0.6 0.35 Ray et al. 1983a 

Maine 
Neanthes virens " 1980 7 ' 0.15-0.3 0.2 ” 

(worm clam) 
Nereis 
diversicolor Wadden Sea " <1 Ernst 1986 

Germany 
Pagurus sp. Frierfjord 3 ' 50 Bjerk.& Brevik 1980 
(hermit crab) Norway 
Carcinus maenas " 3 ' 350 " 

Littorina " 3 ' 188 " 

littorea (snail) 

Ophiura albida " 15 ' 182 ” 

(brittle star) 
Asteroidea 12 ' 57 " 

(sea star) ' 

Penaeus setife- Calcasieu Estuary 1985 31 .Edible ND-61.1 3.3 Hurray & Beck 1989 
rus & Penaeus Louisiana Tissue 
aztecus (shrimps) 
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Table - 1 1 (Cont..ed/3) 

Organism Location Year N Tissue DL Range Mean Reference 

Platichthis River Elbe Estuary 1983/84 178 Muscle 1-1907 236.2 Kohler et a1. 1986 flesus Germany 
(flounder) North Sea 1983/84 18 Liver 0.2-14 4 Ernst 1986 
Pleuronectes ' 1985 5 ' 1.4 ' 
platessa 
(plaice) 

Limanda limanda 1983/84 23 ' 1-60 20 ' 
(dab) 1984/85 75 ' 9-30 14.3 Buther 1988 
Herluccius North Atlantic 1984 2 ' 40.5 Ernst 1986 merluccius 
(hake) 

Clupea harengus Baltic Sea 1984/85 69 " <1-5.4 Hansen et al. 1985 
(Baltic herring) Coastal Waters 1984/85 69 Muscle <1-39 ' 
spawning period Germany 1984/85 69 Ovary <1-8.6 " 

Composite sede- Sogndalsfjord 1982 Liver <1-26 4.9 Skare et a1. 1985 
ntary fish Norway 1982 ' 6-26 18 ' 

Gadus morhua Frierfjord 6 " 16800 Bjerk & Brevik 
(cod) Norway 6 Lipid 30900 1980 ' North Sea 1985 5 ' 42 Ernst 1986 " Southwest Greenland 1982/84 16 " 15-110 32.4 ” 

Pollachius Frierfjord 13 Liver 11600 Bjerk & Brevik 
virens (saithe) Norway 13 Lipid 17800 1980 
Composite fish Mediterranean Sea 1983 18 Muscle 0.1-96.2 22.6 El-Dib & Badawy 
species Port Said, Egypt 1985 
BIRDS 
Larus argentatus- Lake Michigan (USA) 1975 10 Eggs 20—140 40 Gilman et a1. 1979 
tus (herring Big sister Isl. 1978 10 " 120 Hallett etal. 1982 
gull) Gull Isl. 1978 10 ' 120 " 

' Big Sister Isl. 1989 ' 40 EC/DFO/NHW 1991b " Gull Isl. 1989 ' 50 ” 

--------—------W0we1fl-
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Table - 11 (Cont..ed/4) 

Organism Location Year N Tissue DL Range Mean Reference 

Larus argentatus Norway 1979/81 112 Eggs <10—1400 120 Moksens & 
Coastal Waters Norheim 1986 

Sterne hirund 
(common tern) 
Larus argentatus 
and two other 
bird species Germany 1981 " <10—500 Heidmann 1986 

Corvus frugile- Germany 1982/83 98 " 2-21 12 ' 

gus (rooks) " 
" 114 Liver 2—17 12 " 

Passer sp. " 1982/83 14 " 10—50 
(sparrows) . 

Accipiter nis- ' 1981 9 Eggs 10-75 10 " 

us (sparrow-hawk) 
Bucephala c1an- Niagara River 1984/Dec 25 Fat 3-240 90 Foley & Batcheller 
gula (common New York 1985/Feb 23 " 130—190 150 1988 
goldeneye) Detroit River 1983 3 " 160-4800 1700 Smith et a1. 1985 

Michigan 
" Baltic Sea 1980/81 5 " 16—500 250 Falandysz & Szefer 

Poland 1982 
Clangula 
hyemalis (long Baltic Sea 1980/81 27 " 260-2100 620 Falandysz & 
tailed duck) Poland Szefer 1982 

Aythya affinis Detroit River 1983 3 " 150-770 330 Smith et a1. 1985 
(lesser scaup) Michigan 
Aytha marila ' 1983 3 " 160—780 370 " 

(greater scaup) 

Aytha marila Baltic Sea 1980/81 52 " 76-1100 220 Falandysz & Szefer 
Poland 1982 

OTHER 
Phoca vitulina Norway 1988 82 " 5-94 27 Skaare et al. 1990 
(harbour seal) Coastal Waters 
Vulpes vulpes Germany 1973/74 21 " 30-770 300 Ross & Hanz 1976 
(fox) 
Sus scrota ‘ 1973/74 7 ' 50-510 710 ' 

(wild boar) 
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Table - 1 1 (Cont..ed/5) 

Organism Location Year N Tissue DL Range Mean Reference 

Capreolus capre— Germany 1973/74 6 Fat 10-30 30 Ross & Hanz 1976 olus (doe) 
" " 

I 
19 Liver 54 Holm 1988 " " 19 Kidney 38 ' 

Nerodia rhombi- Mississippi R. 1977/79 21 Fat 220—1720 739 Sabourhmet al.1984 [era (water Louisiana 28 Liver ND-3O 1.42 ' 
snake) " 28 Muscle ND-lO <1 ' 

Nerodia rhombifera " 28 Whole 10-200 64 ' 

and other 
snake species 
Beef cattle Colorado 1986 241 Bovine 1.7-19.8 3.1 Salman et a1. 1990 

USA Serum (ppb) 

' - ng/g wet weight, unless otherwise specified 
1 - dry weight 
3 - except for the Ashtabula River 
N - number sampled 
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' Table - 12 HCB concentrations in recent Canadian food surveys 

some. mue type. at: Limit of detection Food mod" uce communion (nu/n1 
Poe/Tot‘ Moon Inno- 

Deviee 1938 Compeeite from vet-i1, mm. 0.01 nalg Flee/1 meet and eggs 1/1 0.17 - 

1086 Root vq. b pol-to 1/1 0.04 - 

Fieeh hu't 0/1 ND - 

Leafy/atrial ebove- 1/1 0.02 - 

you“ veueubiee 
2% Milk 1/1 0.18 - 

OMAFIMOE 1988 (Sub eempiee cornpeeited horn <0.2 mlg App“. 1/3 - ND-2.e 
emeil nunben M importere. Peache- 0/2 ND - 

pvodueene, Impliere. Tom-toe- 0/2 ND - 

whom-lore. Potato.- 0/3 ND - 

eunmer 1886 Wheat Ol2 ND - 

Egg. 013 ND - 

Hembugev 2/2 0.39 0.2-0.57 
Prime bee! 1/2 - ND-0._21 
Peck 0/3 ND - 

Chicken 013 ND - 

Agriculture Random oven eemniee 10: 2-6 rte/q) Bed 4730' NO - 

Con-do compliance monitoring, FY ved 4303 NO - 

1990 30/90 Mutton 41“ ND - 

Poll -/563 ND - 

Chicken -/387 ND - 

Fowl 494 ND - 

Turkey -/58 ND - 

Geese -l100 ND - 

Duck -/58 ND - 

Here. 4328 < 1 ND~22 
Rabbits -/B‘I ND - 

ae 4243 NO - 

Ego pvoducu -/30 ND - 

Butter 448 ND - 

Cheese -12 ND - 

FRMCP’ 1985 Glob eempIee 1°! Ioutine BC Ayn/Fieh‘ Apvicou 0/5 ND - 

monitoring by plovincee, FY 10 ng/g) DIM epvouu 0/10 ND - 

87/88 Cauliflower O/E ND - 

Celery O/B ND - 

(Simona 0" ND - 

Hell:- 0/10 ND - 

Onion 0/8 ND - 

Peechee 0/6 ND - 

Rediehee 0/5 ND - 

Alte Agni FLSB| 
1 no/g) Celeei product: 0/1 ND - 

Cheese 82/97 6 ND-32 
Cieem 12/1 2 3 ND-S 
Egg- 0/20 ND - 

Fru't 0/1 1 ND - 

Me'ue 3/54 :I ND-G 
Milk 103/112 4 ND-7 
Vegeteblel 2/31 ND - 

1 Number of eemelee with detectable HCB/tote! numbev oi umplee 

2 Number 0' eernples with detectable HCB not veponed: mean veluee lemme ND=O 
3 Food Residue Monitoring Comolidetien Freer-m (eoe text let diecmion) 

4 8.C. Ministry of Agricmue end Fisheries; men in fol detected value. only 
6 Alberta Agricultue. Feed Leboutory Selvicee Bunch; men is let detected value. only 
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Table - 13 Estimated intakes of hexachlorobenzene lng/kg b.w./dayl for the Canadian general population 

MEDIUM 0-6 mo' 7 mo-4 yr2 5-11 yr3 12—19 yr‘ 20+ yr’ 

Air“ 0.04 0.06 0.07 0.06 0.05 

Drinking Water7 09 0.006 0.003 0.002 0.002 
Sou" 0.03 0.02 0.006 0.002 0.001 
Food"J 214.39 17.7 9.8 4.8 2.7 

TOTAL” 214 18 9.9 4.8 2.8 

l Www1u.m2dd¢.umumdwwhtflmI991) 
2 Annular-nigh13k;bra-1bSul‘ofnir,drink0.8Ldm,udinpufl)mgdooilprdny(EflD.l99'2) 

3 AmundwwighflkghnubIZnI‘oflir,uddrinko.9Lduu.dia135mgdndlp=ldly(EPfl), 1992) 

4 Amwwi‘hflkgbludbfllid-inanidrinkl.3Lofvnla,udinpflmm|dodlprd-y(EHD.I992) 

S Amwwighnk‘.bulbnu‘ddr,tdddnkl.5Ldulu.lflh§!lDudllm.IM) 
6 mmflhndmmmmmo.l5nalm’)ww£whmcm(m,lmlglc)lthflokhdndW‘Mulmgh-WJMmhdo-xm.Mom-Imam 
7 huh-vhdrhhh‘nuhndmmmdmnlWL)h3hb0uuiod1h-mwdby0umudNiui(lm) 
8 Nod-umHCBhCnmdi-nutnnhwbuvoydUS.Wwwnmyud"W19),HCBttJSdunptfilofdwahfi-HCBmmd. habvhwilmmmfimd 

HCBhIcfldSnndiéiavh-tbndnlmnwm0.0l0mdryw\.)npomdby 
Claydll. 

9 WMWBMW-Hfafimflm. WMMBWWbm-Mhmmm. wmmmmmmmmmhunim dmwmamvhnbufinb-h—Muud"lm.huunflkeumlmd150mlmday.dhodywddld7h 
l0 mwmmmmmmamawwave-(ImtuzlnmmawuMmmqponwahrymmwmmwummbhomwuufiMW-M 

ml;-a»hllLD);by0u-duuhflud)harassmwndampdnmmJoulo,Manninulu.lulu-(2.0).mflfl.mwu.yulnndpmhm0.loulo,“Rhiannon”, 
mh-hnodfodgfiodlphdbnpr,hlmddh(uflND.m0.0§ng/l -wwkMHmMUJOWQ-nwhnflqeaumiwndbySm-hm Malia-in; houIm(CGX.p=na-l mummounhmhhhmdfiumfluhunjamhnlwww.mnhgm-NDmOJWIhohflLD). Mmhdflclihudafodhlbmnmiplhdt Mk: hlmhkuCndISlvoyhuttopch-IGDIM). 

ll Tadnyucgflmdmdhn-qadficmh,mdmifl 
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Estimated intakes of hexachlorobenzene (ng/kg b.w./dav) in food by the Canadian general 
population, based on food consumption estimates from the Nutrition Canada Survey, and recent 
reports of concentrations of HCB in various foodstuffs 

Composite #‘ [HCB] 0.5 - 4 5 - 11 12 - 19 20 - 70 
(ng/g) Years Years Year: Year: 

DAIRY Milk, whole 1 0.292 8.43 3.47 1.30 0.57 

Milk. 2% 2 0.162 2.39 1.10 0.55 
A 

0.14 

Milk, skim 3 0.022 0.09 0.04 0.03 0.01 

Evap. milk, canned 4 0.261 0.24 0.06 0.03 0.04 
'\ 

Cream, 10—12% bf 5 0.882 0.11 0.09 0.04 0.13 

Ice cream 6 1.042 1.23 0.99 0.47_ 0.19 

Yogurt 7 0.211 0.01 <0.01 <0.01 <0.01 

Cheese 8 0.90’ 0.18 0.11 0.09 0.11 

Cheese, cottage 9 0.105 0.01 <0.01 <0.01 0.01 

Cheese. proc. cheddar 10 0.70’ 0.19 0.13 0.08 0.04 

Butler 11 2.40’ 1.30 1.15 0.70 0.47 

FRESH MEAT & EGGS 12-23, 110 0.172 1.13 0.70 0.47 0.41 

FISH Marine 24 0.20’ 0.02 0.04 0.02 0.02 

Freshwater 25 1.105 0.09 0.04 0.02 0.02
' 

Fish. canned 26 0.053 <0.01 <0.01 <0.01 <0.01 

Shellfish 27 0.053 <0.01 <0.01 <0.01 <0.01 
soups 28-31 0.05’ 0.27 0.15 0.08 0.07 

GRAINS, BREADS, CEREALS. etc. 32-50, 107 0.053 0.65 0.56 0.28 0.18 

LEAFY ABOVE-GROUND 51, 58-65, 67. 0.02‘ 0.07 0.06 0.03 0.03 VEGETABLES 69-73, 108 

ROOT VEGETABLES 52-57, 66, 0.04‘ 0.25 0.19 0.11 0.08 
68, 112 

FRUIT 74-91. 109 0.005‘ 0.07 0.04 0.01 0.01 

FOODS PRIMARILY SUGAR 95-101, 111 0.053 0.18 0.11 0.06 0.04 

PEANUTS & PEANUT BUTTER 94 3.103 0.71 0.70 0.36 0.16 H 

NB 
Na— 

COOKING. FATS. SALAD OILS 92. 93 0.05’ 

TOTAL ' 

I I I 

It haa beat animal that infanta (0-6 manna) are excluaively bruat fed (El-I'D, 1992) 
Identifying ntanben for 112 food compoaitea derived by canbining 112180 individual food itema annoyed in the Nun-him Canada Survey inmgrmpa afrelated food: 
Concentration in 2% milk directly from Daviea (1988); other milk producta derived from eatimate for 2‘! milk 
in NW (1988) 
From canonization for individual fooda from FDA Total Diet Study, April l982-April 1986 (Ounderaon, \mdated); valuea of'0.05 are one—halfof the lowcat value 
reported (0.1 ppb), applied In those fooda for which the mean emcentration of HCB waa leu than 0.1 ppb 
Fran Daviea (1988) compoaitea of food cunbincd in proportim to purchaae by Ontario reaidmta; concmtrationa in fruit empathic unarmed to be 0.“)5 ppla (me-half . 

the limit of detectim) 
Average of valuea for all apeciea from Great Lakea other than Lake Ontario and from aeveral other major recreaticnal Ontario lakea (lake ofthe Wooda, Rice Lake, and Lakea Simcoe. Scugog. and Nipiaaing), assuming that non-detatable levela are 0.5 ppb (one-half the limit of detection)(Cox. permal commtmicafion) 

.adjuated forfncantmtrelafivetounilkurwoned 
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Table - 15 Estimated intake of HCB by recreational anglers consuming Lake Ontario salmonids 
f: 

, (Table 6.1), estimated total exposure for these reCreational anglers as 5.3 ng/kg b.w.lday 

_ .. fi _ —..__ _. _ 4- ...7 -— 
603 responses to questionnaires circulated in conjunction with Toronto Star Great 
Salmon Hunt (Cox and Johnson, 1990) 

Average reported meal size was 246 grams, and anglers consumed their catch on 
average 21.1 times per year, for an average daily consumption of Lake Ontario 
salmonids of 14.24 g/person/day. Depending on the fish species, between 9.4% 
(lake trout) and 90.5% (rainbow trout) of anglers consumed their catch 

Frequency of consumption (Cox and Johnson, 1990) and average concentration of 
HCB in fish muscle (Niimi and Oliver, 1989) for each species were as follows: 

Fish Species Consumption Freg. [HCB] (uglkg) 

Chinook Salmon 71% 12‘ 
Coho Salmon 64.9% 12 
Rainbow trout 90.5% 1 1 

Brown trout 50.0% 10 
Lake trout 9.4% 37 

Average concentration of HCB in fish muscle estimated as mean of above levels. 
weighted by frequency of con8umption, is 12.2 ug/kg, or ng/g 

Assuming a 70 kg body weight (EHD, 1992; most of the anglers were adults). 
estimated average intake of HCB via Lake Ontario salmonids as follows: 

14.24 g/gersonlday x 12.2 nglg 
70 kg 

= 2.5 ng/kg b.w.lday 

In combination with the 2.8 ng/kg b.w.lday received on average from other sources 

1 Chinook not analyzed; usumo some level: in muscle as (or coho 
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Table - 16 Estimated intakes of HCB by people subsisting on Inuit foods 

187 

Study of Inuit food harvest and consumption on an isolated iSIand community on the wt 
coast of Baffin Island, NWT, in 1987-1988 (Kinloch et al., 1992; Kuhnlein, 1989). 
24-hour recall of food consumption examined by interview every two months during 1987-1988, 
for a total of 7 surveys 

Food samples analyzed for PCBs and related organochlorine contaminants, including HCB 
(Muir et al., 1988c) - 

To simplify presentation, only seal, caribou, narwhal and fish considered in estimating intake; 
these animals comprised 90% of intake of Inuit foods in this study. Also, considered only those 
food types which have greater than 1% frequency of mention for at least one sex for all surveys 
combined. Estimated mean concentration of HCB in meat, mattack, fish, fat, and blubber ' 

(comprise 93-95% of Inuit food consumed by all participants) from data of Muir et al. (1988c), 
and associated intake of HCB, as follows: 

Food Type Consumption' Mean lflCBl Intake of HCB 
(g/person/d) (ng/g wet wt.) (ng/kg bw/d)7 

Meat’ 320.3 2.9 15.0 
Mattak’ 53.1 20.3 17.4 
FlSh‘ 42.5 2.1 1.4 
Fat’ 32.5 21.8 11.4 
Blubber‘ 24.3 119.5 

92 

I Intake of Inuit food by all persons reporting consumption (Kinloch et al., 1992), assuming a 1:1 sex ratio 

2 Includes ringed seal and caribou (raw and boiled), but excludes dried narwhal and dried caribou because of 
small consumption 

3 Narwhal mattak (sea mammal skin). raw 

‘4 Arctic char (raw and boiled) 

5 Caribou fat 

6 Ringed seal (raw and boiled) and narwhal (raw) blubber
I 

7 Assumes average body weight of 62 kg for Inuit, based on NHW (1980) and a 1:1 seit ratio 
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APPENDIX C 

TOXICITY STUDIES 

188 
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LIST OF ABBREVIATIONS: 

NOEC 

NOLC 

LOEC 

LOLC 

IC 

Sc

5

F 

RT 

no observable effect concentration 

no observable lethal concentration 

lowest observable effect concentration 

lowest observable lethal cancentration 

immobilization concentration 

static-closed system 

static system 

flow-through system 

renewed test solution (x = number of hours) 

measured 

unmeasured 

hour 

day 

month 

189 
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Table - 1 Median lethal dose (L050) or lethal concentration (LCSO) of HCB for various species of 
mammals and routes of exposme1 

Species LD“ (mg/kg b.w.) LC$0 (mg/m3) 

Oral Subcut.2 i.p.2 Dermal Inhalation 

Hat 3500- > 2500 > 500 3600 
> 10,000 

Mouse 4000 4000 
Rabbit > 2600 > 2000 1800 

Guinea > 1000 
9'9 

Cat 1 700 1600 

‘ - Compiled from lARC (1979), Strik (1986), and Sax (1989) 

2 - subcut. = subcutaneous; i.p. = intraperitoneal 
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Table - 2 Carcinogenicity bioassays for hexachlorobenzene 

Hexachlorobenzene 

SPECIES. STRAIN 

Syrian golden hamsters; 
30-80 ol each sex/group. 

PROTOCOL 

O, 50. 100. 200 ppm‘ HC8 (>99.5% pure) in 
diet (or lilospm (O, 4, 8, 16 rrulkg b.w.ldsy). 

RESULTS 

Reduced survival (both sexes) and weight gain (6) at 200 ppm (no detail); significantly incremed 
incidences of 'hepatomae' (6: control 0/40. 50 ppm 14/30, 100 ppm 26/30, 200 ppm 48/57; 9: 
control 0/39, 50 ppm 14/30. 100 ppm 17/30, 200 ppm 51/80). 'hemutgioendothelioma' of the 
liver (9 control 0/39, 200 ppm 7/80; 6 control 0/40, 100 ppm 6/30, 200 ppm 20/57). alveoler 
adenomes ol the thyroid (6 control 0/40, 200 ppm 8/57). Signilicmt dose-related trends (or all 
three tumour types (U.S. EPA. 1985). ' 

EFEPENCE 

Cderd at d. 1977: 
Cdard md Shubik 1986 

Swiss mice; 30 or 50 of 
each sex/group. 

0, 50, 200 ppm HCB (>99.5% pure) in 
diet (0. 6. 12. 24 rng/kg bwldsyl (or 120 
weeks. 

Survi reduced by 30 weeks at 200 ppm. in all dose groups by 70 weeks (10% of d I'Id 14% 
01 
9 alive at 200 ppm) and 90 weeks (4% of 6 and 0% of 9 alive at 200 ppm, versus 50% of 
control 6 and 48% pl 9); weight gain reduced at 100 ppm (6) and 200 ppm (both sexes); 'liver 
cell tumour (hepetomml' incidence increased (6‘: control 0/47. 200 ppm 7/44 (no): 9: control 
0/49, 200 ppm 14/41). Tumour latency, multiplicity, size also dose-related. Incidence oi 
lymphoma and lung tumours reduced at 100 ppm and 200 ppm (lung den 50 ppm). 

Cabral at al. 1979; 
Cabral and Shubik 1988 

CSTBUO/ScSn mice: 20 
dlgroup. 

0, 100 ppm analytical grade HCB in diet (or 12 
to 18 months (0, 14-21 mg/kg b.w.ldsvl. with 
or without preloading with single injection iron- 
dextrsn corrplex (600 mg Fe/kg). 

Survival, liver weights, (ood consumption not affected, body weight reduced, by HCB alone; no 
tumours in animals exposed to HCB alone. but centrilobular hypertrophy; hepetocyte prolilsration, 
hyperplastic nodules and hepatocellulu carcinoma with combined exposure to HC8 and iron 
(control 0/11.100 ppm 0/11.100 ppm + iron 10/10). 

Smith at d. 1989 

Strain A/St mice; 20 
d/group. 

O, 8, 20. 40 rug/kg (reagent grade) injected ip 
three times per week (or 8 weeks. examined 
24 weeks after first dosing 

No significant increase in lung sdenomae. Theiee et el. 1977 

ICR mice: 
35 6 /group. 

0, 10, 60 ppm HCB (99.9% pure) in diet (0. 
1.2, 6 rng/kg bw/day -- NIOSH. 1985). or 50 
ppm .HCB with 250 ppm polychlorineted 
terphenyl (PCT). or 250 ppm PCT alone, (or 24 
weeks. Animds were killed 40 weeks after 
the I181 of treatment 

Body weight gain reduced (10 ppm and 50 ppm), liver weight increased (10 ppm); no tumours in 
the liver or other orgms in HCB-treeted mice, but centrilobulsr hypertrophy of liver in most treated 
animals; HCB enhanced induction of liver tumours by PCT (control 3/28 nodular hyperplnie, 0/28 
hapatocellular cucinome; 50 ppm 23/20 nodular hyperplasia, 8/28 hepatocellulu carcinoma). 

Shiru' et d. 1978 

Agus rats 9; 
14 treated. 
12 control. 

O. 100 ppm HCB (>99.5% pure) in diet (0, 
6-8 mg/kg bw/dey) (or 90 weeks; interim 
sacrifices at'52. 83 and 76 weeks. 

Decline in body weight to 80% at controls: exposed rate developed 'liver cell tumoure' (ealiest 
62 weeks) (control 0/12. 100 ppm 14/14). 

Smith Hid Cabral 1980 
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SPECIES. STRAIN 

8 treated. 
4 control. 

PROTOCOL 

8-8 rug/kg bwlday bmed on companion study 
with Ague rate] (or 75 weeks; interim 
eecrilicee at 52 end 63 weelra. 

RESULTS 

MRC Winter rate 9; 0, 100 ppm HCB (>99.6% purel in diet (0, Treated rate developed 'liver cell tumoure' (control 0/4. 100 ppm 4/8 (p=0.07ll. rernu'ning Srrl'th cud trd 1980 
treated rate hepetocellular hypertrophy. 

~ 
~~~

~ 

Fischer 344M rate; 15 o( 
eech sex/group. 

0. 200 ppm analyticd grade HCB in diet (0, 
10-12 mg/kg bw/day -- NIOSH, 1985) (or 90 
weeka. 

Survival not edvereely affected by treatment; body weight decrened, liver, kidney. and apleen 
weighte increased (both eexee, apleen 9 only); hietologicd chengee in liven of (emelee: porphyrie; 
treeted rate developed liver tumoura (6: control 0/10. treated 2/12; 9: control 0/10, treated 
10/10 (neoplastic nodulea+hepetocellular carcinomas]; all treated animale had alveolar 
phegocytoeie. 

Snith at d. 1985 

Sprague—Dewley rate; 40 
or more 01 each 
aex/group. 

0. 0.32. 1.0. 8.0. 40 ppm analytical grade 
HCB in diet (or 130 week: (ollowing expo-ure 
in m and via milk ol mothera led lame diet 
(or 90 daya prior to conception and thereafter. 
l6: 0, 0.01, 0.05, 0.27. 1.39 mg/lrg b.w./dey; 
9: 0. 0.01. 0.07. 0.35. 1.72 mg/kg b.wldey) 

No treatment-related ettecte on mortality. body weight, (eed coneumptlon. haematology; 
eiqnificent increaaee in parathyroid adenoma 6‘ (control 2/48, 40 ppm 12/491. adrenal 
phaeochrornocytome 9 (control 2/49. 40 ppm 17/491, neoplaetic nodulee in liver 9 (control 0/49. 
40 ppm 10/491, eignilicent doae-related trende (or all three tumour typee plue adrenel cortical 
adenomae; doee-related centrilobular b-ophilic chromogeneeie (both eexee. 8 end 40 ppml, 
lymphocytoeie 01 liver (6, 0.32. 1.6. 40 ppm). and nephroeie (d‘. 40 ppml. 

Arnold et d. 1986; 
Arnold and Kreweki 
1988 

Spregue- Dawley rats; 50 
d lgroup. 

0. 40 ppm analytical grade HCB in eemi- 
eynthetic dieta containing 1/10, 1X end 10X 
vitamin A content of control diet (or 119 
weeks. 

No HOB-related ellecta on body weight gin, feed consumption, mortality. haematology; no 
eignilicmt increue in incidences of neoplutic lesions; increued relative liver weights in rate 
receiving HC8 and 1110 Vitamin A content. 

Arnold at d. 1985 

Spregue-Dawley rate; 94 
of each sex/group. 

0, 75, 150 ppm HCB (97% purel in diet (or 2 
yeere (0. 4-5. 8-9 mg/kg bw/day (or mdea and 
(omelee respectively (from date given in U.S. 
EPA. 1985). 

Body weight reportedly not affected by treatment except in linel stages of Itudy (no data 
providedl; eignilica'lt increeeee in incidence of hepetomu/hemutgiom. (d : control 0/54. 75 ppm 
10l52. 150 ppm 11/56; 9: control 0/52, 75 ppm 23/56. 150 ppm 35/55l, hepetocellular 
carcinoma (9 only: control 0/52, 75 ppm 35/56. 150 ppm 48/55), bile duct 
adenomulcucinomea (9 only: control 1/52 75 ppm 19/56, 150 ppm 29/55 - it ie not clear from 
the report whether the individud biliery tumour typee were eignilicmtly elevated; only the 
corrtined data were reported, but in the diecueeion by Ertflrk at d. (1986! only the adenornee are 
mentioned]. renal cell adenomae (6: control 7/54. 75 ppm 41/52. 150 ppm 42/50: 9: control 
1/52. 75 ppm 7/58. 150 ppm 15/541, and edrend phaeochromocytomee (9 only: control 5/35, 
76 ppm 31/47, 150 ppm 29l32l. 

Lambrecht at al. 
1983e.b; Petere at el. 
(1983. cited in U.S. 
EPA. 19851: Ertl‘rrk et al. 
1988 
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Table - 3 Acute toxicity of hexachlorobenzene to freshwater species 

Species Test Type Concentration Effect Comment Reference 
(Ila/Ll 

Invertebrates 
cladoceran 
Daphnia magna Sc-M 30"” 24h-NOEC Immobilization Calamari er al. 1983 

' (neonates) Sc-U >4.7 48h-LC5° Abernethy et al. 1986 
, 

" (different ages)c F-M 5 7d-NOLC Nebecker er al. 1989 
midge

4 

Tanytarsus dissimi/is Sc-M >58.1 48h-LC50 Insufficient mortalities to Call er al. 1983 
(3".4” instar) - to yield LC$0 value 

crayfish 
Procambarus clarki S 125 pg/g‘ 7d-NOLC Laska er al. 1978 

Laseter et al. 1976 
' (juvenile) RT“ 5.2 8d-NOLC " 
' FM 36 20d-NOLC ' 

Fish 
rainbow trout 
Oncorhynchus mykiss Sc-M 30"” 48h-NOLC Calamari et al. 1983 

' S' 3150 24h-LC.so U.S. EPA 1979a, 1979b 
' S' 2500 48h-LCso " 
' 5' 2300 96h-LC6° " 

' (juvenile) F-M >710 96h-LC50 Insufficient mortalities to Call er al. 1983 
to yield an LC5° value

' 

" (juvenile) PM 80.9 96h-NOEC Swimming behavior Ahmad et al. 1984 
' (juvenile) F-M 80.9 96h-NOLC ' 

Call et al. 1983 
coho Salmon 
Oncorhynchus kisutch Sc-U >50000 96h-LCso Johnson and Finley 1980 

fathead Minnow
I 

Pimephales promelas Unknown >4.8 96h-LCso U.S. EPA 1980 
" Sc-U 22000 96h~LCso Johnson and Finley 1980 
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Table - 3 (Cont..ed/2) 

Species Test Type Concentration Effect Comment Reference 
(pg/Ll 

Fish (continued) 
bluegill 
Lepamis macrochirus F-M > 78.4 96h-LC50 Insufficient mortalities (1/20) Call er al. 1983 

to yield an LC.so value 
" Sc-U 12000 >96h-LC50 Johnson and Finley 1980 
" S' 5400 24h-LC5o US. EPA 1979a, 1979b 
' S' 8000 24h-LC6° ' 

" S‘ 4500 48h-LC50 ' 

" S‘ 7600 48h-LC60 ' 

" S" 3400 96h-LC‘so ' 

" S‘ 7600 96h-LC.5° ' 

channel catfish 
lcralurus punctatus Sc-U 14000 96h-LC.so Johnson and Finley 1980 

" Sc-U 1 1000- 96h-LC50 " 

16000 
Iargemouth bass 
Micropterus salmoides Sc-U 12000 96h-LCt;o Johnson and Finley 1980 

" FM 25.8 10d-NOLC Laska er al. 1978 
Laseter et al. 1976 

" F-M 10 15d’NOLC Laska et al. 1978 
Laseter er al. 1976 

carp 
Cyprinus carpio RTu 100' 6,24 and 72h Induced physiological Gluth and Hanke 1985 

LOEC changes“ 
guppy 
Poeci/ia reticulara RT“ > 31 9 1 4d-LC5o Konemann 1 981 

zebra fish 
Brachydanio rerio Sc—M 30"” 48h-LC50 Calamari et al. 1983 
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Table - 3 (Cont..ed/3) 

Species Test Type Concentration Effect Comment Reference 
(,ug/L) 

Other 
algae

_ 

Selenastrum capricornurum Sc-M ' 30" 3h-EC50 Reduced photosynthetic rate Calamari et al. 1983 ' Sc-M 27 96h-LOEC 12% growth inhibition ' 

Chlore/Ia pyrenoidosa Sc-U 1 46h-LOEC Reduced growth Geike and Parasher 1976a " Sc-U 100 72h-LOEC 33% photosynthetic Geike and Parasher 1978 
inhibition - 

' Sc-U 1000 1h-LOEC 
' 7% inhibited respiration " 

' Sc-U 10000 76h-LOEC Drastic reduction in growth Parasher et 8/. 1978 
Scenedesmus subspicatus Sc-U 10 96h-NOEC_ Growth Geyer er al. 1985 
Ankistrodesmus fa/catus Sc-U 3000 4h-NOEC Reproduction Wong et al. 1984 

protozoan 
Tetrahymena pyriformis Sc-U 50000h 24h-NOEC Growth Yoshioka er al. 1985 
Colpidium campy/um Sc-U 10000 43h-NOEC Growth Dive er al. 1980 

' Tabular results for Daphnie means, Blachydanio rerr'o, Oncorhynchtrs mykr'ss and Selenastrum capricomutum presented a toxicity value of <0.03 mg/L, 
however text indicated greater than 0.03 mg/L. 

" Toxicological data were referred to as theoretical concentrations. however the'differences between the observed and the expected did not exceed 10% 
of the initial value. 

‘ Newly born to older adults 
‘pg HCB/g of body weight. 
' Test conditions regarding toxicant concentrations and whether the test was aerated were not clear. 
' Less than 20% of HCB disappeared after 1 day 
‘ 6h: increased cholesterol concentration; 24h: increased cortisol and glucose concentrations; 72h: decreased protein, cholesterol, liver glycogen 
and muscle glycogen concentrations 

" Estimated value. 
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Table - 4 Chronic toxicity of hexachlorobenzene to freshwater species 

Species Test Type Concentration Effect Comment Reference 
(fig/L) 

Invertebrates 
cladoceran 
Daphnia magna 
(newborn: 12 hours) Sc-M 16 14d-EC50 Reduced fertility Calamari et al. 1983 

Ceriodaphnia dubia Unknown >7 7d-LC6° Survival or reproduction Spehar (1986) cited 
' 

in U.S. EPA 1988 
amphipods 
Hya/lela azteca F-M 4.5 30d-NOLC Nebecker et al. 1989 

" 4.5 30d-NOEC Growth ' 
" 4.5 30d-NOEC Reproduction " 

Gammarus Iacustris F-M 3.3 28d-LOLC Weak dose-response " 

worm 
Lumbriculus variegarus F-M 4.7 49d-NOLC Nebecker et 8/. 1989 

" 4.7 49d-NOEC Growth ' 

" 4.7 49d-NOEC Reproduction ' 

crayfish 
Procambarus clarki F-M 36 10d-LOEC Hepatopancreas damage Laseter er al. 1976 

' RT,‘ 5 10d-LOEC Hepatopancreas damage ' 

Fish 
Iargemouth bass 
Micropterus salmoides F-M 3.5 10d-LOEC Beginning of liver necrosis Laseter et al. 1976 

' FM 25.8 10d-LOEC Damage to epithelium, ' 

muscle and pancreatic acini 
fathead Minnow 
Pimephales promelas FM 3.8 28d-NOLC Nebecker er al. 1989 

' 3.8 28d-NOEC Growth ' 

(embryo -> early juvenile] FM 4.8 32d-NOLC Carlson and Kosian 1987 
" 4.8 32d-NOEC Growth ' 

Ahmad er al. 1984 
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Table - 4 (Cont..ed/21 

Species Test Type Concentration Effect Comment Reference 
(pg/Ll 

rainbow trout 
Oncorh ynchus mykiss 
(early life stage) Unknown 3.68 90d-NOEC Growth, survival and Spehar (1986) cited in 

hatching U.S. EPA 1988 
Other 
algae 
Chlore/Ia pyrenoidosa 

_ 

Sc-U 1 3m-LOEC Increased growth‘ Geike and Parasher 1976a 

protozoan 
Terrahymena pyriformis Sc-U 1 10d-LOEC Reduced growth Geike and Parasher 1976b 

' Sc-U 1000 7d-LOEC Reduced enzyme activities Geike 1978 
' Sc-U 1 7d-LOEC Increased enzyme activities " 

Incubated for 3 months under daylight conditions then transfered to culture tubes containing nutrient solution 
under light thermostat (72 hours). 
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Table - 5 Acute toxicity of hexachlorobenzene to marine species 

Species Test Type Concentration Effect Comment Reference 
lug/Ll 

Invertebrates 
Artemia (larval) Sc-U >3.3 24h-LCSo Abernethy er al. 1986 

pink shrimp 
Penaeus duorarum F-M 7 96h-LOEC 13% mortality Parrish at al. 1974 

grass shrimp
‘ 

Palaemonetes pugio F-M 17 96h-LOEC 10% mortality ' 

shrimp 
Crangon septemspinosa RT“a 7.2 96h-NOLC McLeese and Metcaife 1980 

' S-M 300‘ 96h-NOLC Sediment ' 

Fish 
sheepshead minnow 
Cyprinodon variegatus F-M 13 96h-NOLC Parrish et al. 1974 

pinfish 
Lagodon rhomboides F-U 100 96h-NOLC ' 

Other 
Euplotes vannus Sc-U 10 48h-LOEC 10% reproduction inhibition Persoone and Uyttersprot 1975 

algae: mixed culture of 
Thalassiosira pseudanana Sc-M 100 72h-NOEC Growth and cell size Biggs et al. 1979 

and Dunalie/Ia tertio/ecta distribution 

‘ HCB was added to sediment and allowed to equilibrate (expressed as pg/L in reference; wet weight). 
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Table - 6 Chronic toxicity of hexachlorobenzene to marine species 

Species Test Type Concentration Effect Comment Reference 
(pg/Ll 

Invertebrates 
mollusc 
Merceneria mercenaria F-U Unknown' 6m-LOEC Decreased cell width in Tripp et 8/. 1984 

. tubules and absorptive cells 
' F-M 500119 in 0.1 ml 21d-LOEC Mildly toxic to digestive ' 

corn oilh injection gland 

Fish 
gulf killifish 
Fundu/us grandis F“ 125 pg/g“ 28d-NOLC Laska et al. 1978 

Laseter et al. 1976’ 

‘ Constant cycling of seawater through sand columns impregnated with HCB. There was no mention of concentration. 
7 

" Initial injection of 500119 of HCB in 0.1ml of corn oil followed by a 21 day (measuredl or 6 month flow-through test where the cycling 
seawater was passed through sand columns impregnated with HCB. 

° After injection, the species was held in clean water in a flow-through system 
" ug HCB/g of body weight 

NHW/DOE, June 1993


