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There are many reports of hexachlorocyclohexane (HCH) residues detected throughout North America in air (Jantunen and Bidleman, 1996; Poissant and Koprivnjak, 1996), precipitation (Blaise et al., 1998 and Brun et al., 1991; Welch et al., 1991) and surface water (Alberta Environment, 1999; McConnell et al., 1998; Jensen et al., 1997; Ridal et al., 1997; Ridal et al., 1996; and Currie and Williamson, 1995). HCH residues were also detected in the Arctic (Li et al., 1998; Jantunen et al., 1996; and Muir et al., 1992) and Antarctic (Iwata et al., 1994; Iwata et al., 1993; and Tanabe et al., 1982). The presence of these isomers in the Arctic and Antarctic where lindane and technical HCH have never been used is further evidence for long-range transport. 

The most common HCH isomers found in the environment are -HCH, -HCH, and lindane. Willett et al. (1998) report that HCH is the predominant isomer in air and ocean water and -HCH, the predominant isomer in soils, animal tissues and fluids.  Muir et al. (1995) found that -HCH was the predominant isomer (45-65% of total HCH) in the sediments of four northwest Ontario lakes and Chernyak et al.(1995) reported that -HCH made up 13-15% of the total HCH in seawater samples.  By contrast, concentrations of lindane and -HCH are higher in Arctic lakes, indicative of the higher volatility of these isomers compared to -HCH (Willett et al.,1998). In snowpack samples from the Northwest Territories, lindane and -HCH made up more than 75% of the total organochlorines (Gregor et al., 1989). It was calculated that the annual loading of -HCH, -HCH and lindane to the Arctic was 4600, 78 and 820 kg, respectively (Li et al., 1998).

Freshwater and marine biota
The accumulation of HCH isomers varies among invertebrates, fish, seabirds, and marine mammals in the Canadian Arctic (Moisey et al., 2001; Braune et al., 2005; Ryan et al., 2005). The relative proportion of -HCH was generally higher than 60% in water, sediment, invertebrates, and marine mammals, while -HCH accounted for more than 60% of the total HCH burden in seabirds (see tables below). In arctic cod (Boreogadus saida), the relative percentage of -HCH was low (<50%) when compared to that of fish from Yukon lakes. It has been suggested that arctic cod, considered as a trophic key link between invertebrates and marine mammals or seabirds, had either a greater bioaccumulation of  and lindane, or a greater metabolism of -HCH (Moisey et al., 2001) or both. Preferential HCH isomer accumulation in the tissues of marine mammals is indicated by other data sets. In the fur seal, 59-62% of the HCH in blubber, liver and lung was -HCH and 28-34% was -HCH, while in the brain, 91% of the HCH residue was -HCH (Mossner et al., 1992). In the striped dolphin, -HCH constituted 84% and 94% of the HCH residues in muscle and kidney, respectively, while -HCH constituted 73-83% in the brain (Kawai et al., 1988). Although there is preferential accumulation of certain HCH isomers in animal tissues, these have not been linked directly to toxicological effects in wildlife and no toxicological effects were associated with similar HCH accumulation patterns in laboratory rat tissues (Portig et al., 1989). 

In marine invertebrates, the HCH content was dominated by the -HCH isomer. Water solubility is a key factor in explaining -HCH concentrations in Arctic marine zooplankton (Fisk et al., 2003). A study by Hoekstra et al. (2002a) determined HCH concentrations in marine zooplankton. Calanus hyperboreus copepods from northern Baffin Bay (Nunavut) were collected in July, 1998 and additional copepod samples were collected over three weeks from the eastern Beaufort Sea (near Kaktovik, AK, USA) in September 1998. Concentrations of HCH isomers in zooplankton (> 30 ng/g dw) and water samples from the western Canadian Arctic were relatively higher than those in more easterly locations (<10 ng/g dw).
Lindane has also been detected at low concentrations (0.003 mg/kg) in seabird eggs from the Pacific coast of Canada (Elliott et al., 1989) and in eggs of peregrine falcons (Environment Canada, 1992). -HCH concentrations found in peregrine falcons from the Queen Charlotte Islands (British Columbia) were attributed to the consumption of contaminated prey (ancient murrelet). -HCH concentrations in ancient murrelet tissues ranged from non-detectable levels to 0.179 mg/kg (1986 data) in eggs, 0.584 mg/kg in the fat (1972 data) and 0.997 mg/kg in the whole body (1969 data). -HCH accumulated to a greater extent in birds than did the other isomers. The accumulation likely results through consumption of contaminated prey. 

Even where food items are not highly contaminated with HCH residues, there is still accumulation in peregrine falcons (Elliott et al., 1989). The authors postulated that peregrines accumulate HCH during wintering in areas of lindane and technical HCH use, such as Central and South America. Support for this argument came from evidence that other (non-migratory) raptors in the area show relatively no HCH accumulation and thus the majority of the HCH in thses peregrine falcons likely stems from consumption of contaminated prey outside Canada.

Recent reports indicate that concentrations of HCH in eggs of common and thick-billed murres (Uria aalge and Uria lomvia) from five Alaskan nesting colonies were dominated by -HCH (>90%) (Vander Pol et al. 2004). The authors concluded that values for HCH in eggs from the study (1999 and 2000 data) were similar to the levels reported in Canadian murre eggs in 1993 and 1998 and were in the range of 2.3 - 25.0 ng/g ww. No data on the HCH concentrations in birds after the 2000 year were available.
Lindane, - and -HCH were detected in marine mammals at several locations. Higher concentrations of HCH were found in the blubber of marine mammals from cold and temperate waters compared to those from tropical waters (Prudente et al., 1997), providing further evidence that colder regions are sinks for HCH isomers. In general, lindane concentrations were the lowest of the three isomers in marine mammal blubber. - HCH was the most predominant isomer in the bowhead whale, beluga whale, pilot whale, common dolphin and harbor seal from the North Pacific-Arctic region and from the North Atlantic (Mossner and Ballschmiter, 1997). -HCH was the most prevalent isomer in fur seals (Mossner and Ballschmiter, 1997; Mossner et al., 1992; and Tanabe et al., 1994) and in other mammals, such as Dall’s porpoise and white-sided dolphin in the North Pacific and near Japan (Vetter et al., 1996). Even within species of seal, whale, dolphin and porpoise, there are substantial differences in the -HCH and -HCH compositions found in different populations. These patterns may reflect different sources of contamination, modes of uptake and/or metabolism. 

In the Canadian Arctic (Arctic Bay and Barrow Strait, Nunavut; 1993), total HCH concentrations in ringed seal blubber ranged from 201-382 g/kg lipid (Muir et al., 1994, 1996). In polar bear fat (Baffin Bay, Nunavut; 1989-90), the total HCH concentrations were 212-321 g/kg lipid (Norstrom et al., 1997). Recent data by Verreault et al. (2005) indicate no changes in HCH concentration in polar bears from Baffin Bay from 1996 to 2002. Higher HCH concentrations are reported in Alaska bears (398 - 1269 g/kg lipid). In Canada, the authors identified a regional pattern, with higher HCH concentrations in polar bears in the western Canadian Arctic (Beaufort Sea and Amundsen) compared to those in eastern Arctic (Hudson Bay, Labrador Coast, and Baffin Island). It is believed that this could be indicative of ongoing contributions of HCH from China, Southeastern Asia, and North America. In Northern Québec (Inukjuak and Akulivik), walrus blubber contained total HCH concentrations of 116-267 g/kg lipid (Muir et al., 1995). Although these particular analyses were not isomer specific, residue data from another study (Nakata et al.,1998) indicate that the majority of HCH residues in marine mammals consists of the -HCH and -HCH isomers. As a result of their relatively high degree of contamination, polar bears from Alaska are at higher health risk from of contaminant exposure than conspecifics from the the Arctic and Subarctic populations.

