
 SEQ CHAPTER \h \r 1Physical chemical properties of key 1,2,3,4,5,6-hexachlorocyclohexanes:

Molecular Mass: 290.85 
Molecular Formula : C6H6Cl6
No UV/Vis absorption < 250 nm, No dissociable functional groups

	“Name”
	g-HCH (lindane)
	a-HCH
	b-HCH

	CAS#
	58-89-9
	319-84-6
	319-85-7

	Name
	(1a,2a,3b,4a,5a,6b)-1,2,3,4,5,6-hexachlorocyclohexane
	(1a,2a,3b,4a,5b,6b)-1,2,3,4,5,6-hexachlorocyclohexane
	(1a,2b,3a,4b,5a,6b)-1,2,3,4,5,6-hexachlorocyclohexane

	Structure


	
	
	

	Structural code Axial/Equatorial)
	AAAEEE
	AAEEEE
	EEEEEE

	Melting point (°C)a
	112-113
	159-160
	309-310

	Solubility in water at 25°C (SWS,solid, mol/m3) b
	0.0074-0.052
	0.00560-0.00698
	0.000688-0.00241

	Vapour pressure at 20°C (solid, Pa)b
	1.25-23.3 x 10-3
	3.33 x 10-3
	2.90-3.73 x 10-5

	Henry’s Law constant 20-25°C (Pa m3 mol-1)b
	0.140-0.52
	0.38-1.239
	0.022-0.045

	Henry’s Law constant 0.5°C (Pa m3 mol-1)b
	0.072
	0.104
	0.0054 (at 5°C)

	Solubility in water at 25°C (SWL, liquid, mol/m3) d
	0.233, 0.247
	1.18, 1.44
	0.293, 0.333

	Vapour pressure 20-25°C (liquid, Pa)b
	1.30-9.93 x 10-2
	2.95 - 8.03
	2.54 - 3.27 x 10-2

	Vapour pressure at 0°C (liquid, Pa)b
	8.3 - 47.6 x 10-4
	0.73 - 1.47
	4.08 x 10-3

	Log KOW a
	3.7 ± 0.5
	3.9 ± 0.2
	3.9 ± 0.1

	Log KOC c
	3.0, 3.57
	3.57
	3.57

	BCF (human fat) a
	19 ± 9
	20 ± 8
	527 ± 140

	BCF (aquatic animals) a
	2.5 ± 0.4
	2.6 ± 0.5
	2.9 ± 0.3


a cited in Willett et al., 1998 based on laboratory studies and general populations. Higher in cold-climate ecosystems (see section on bioconcentration)
 b Xiao et al., 2004. Range reported from literature

c cited in www.atsdr.cdc.gov/toxprofiles/tp43-c4.pdf

d Xiao et al., 2004. Literature-Derived Value, Final Adjusted Value (model)

e cited in Li et al., 2002

Physical Chemical properties and Fate:

The environmental fate of hexachlorocyclohexanes, like that of other organic chemicals, is governed by its interactions with various abiotic and biotic environmental compartments. Distribution is strongly influenced by the physical chemical properties of the various isomers and differences in these physical chemical properties are, to a great extent, responsible for the vast differences in the fates of the a-, b- and g- (lindane) isomers.

Ultimately, the differences in the physicochemical and biological properties of the different HCH isomers derive from the differences in structure that arise from the placement of the six chlorine atoms in either axial or equatorial positions at each carbon of the ring. Lindane/g-HCH and a-HCH have relatively similar structural patterns (AAAEEE vs AAEEEE), while b-HCH has all has all six chlorine atoms in equatorial positions, a configuration which greatly reduces the susceptibility of the b-isomer to chemical and biological transformation. The physical chemical properties, transportation and fates of the isomers tend to follow a similar pattern in that the behaviours of lindane and a-HCH are more closely related to each other than they are to those of the b-HCH isomer. The positions of the axial and equatorial chlorine atoms in a-HCH allow for mirror-image symmetry and, as a consequence, this isomer has two enantiomers. The physical properties of the two a-HCH enantiomers are identical, however their interactions with biological systems, which are also chiral, are not. Studies on Arctic microbes (Harner et al., 1999, 2000; Helm et al., 2002) show that they preferentially transform the (+) enantiomer.

The b-HCH isomer has a structural symmetry that is not shared by the other isomers and a correspondingly greater crystal lattice energy. This results in the far higher melting point and the lower solubility and vapour pressure for the solid phase and consequent decreased volatilization when compared with the other isomers. The structural symmetry of b-HCH has far less influence on liquid- and gas-phase physical chemistry. Liquid-phase solubility and vapour pressure, which 

drive redeposition, are similar for lindane and b-HCH, and approx 1-2 orders of magnitude higher for a-HCH.

Lindane and a-HCH are considered to have low solubility in water (solid-phase b-HCH is considered only sparingly soluble) under general classification schemes but are relatively soluble compared to other organochlorine pesticides such as DDT. None of the isomers absorbs light at wavelengths < 250 nm, so direct photolysis is unlikely in any medium. Some phototransformation in water is possible as a result of indirect photolysis, especially in the presence of dissolved organic matter. One study indicated minimal phototransformation of lindane on soil upon exposure to 8 hours of daily summer sunlight (light intensities of 200-5000 w/cm2) for 28 days (In: Pesticides Safety Directorate, Review of Lindane 1996). Lindane was also stable to phototransformation in aqueous solution when exposed to 28 days of natural summer sunlight. Even in sensitized aqueous solution (2% acetone), lindane did not undergo phototransformation (Norris, 1986). Studies used for the USEPA Reregistration Eligibility Decision (RED) found no evidence of lindane photodegradation in water (even when sensitized with acetone) or soil. 

Solid-phase vapour pressures are relatively high for lindane and a-HCH and two orders of magnitude lower for the b-isomer. Subcooled liquid-phase vapour pressures of all three isomers are high enough to indicate intermediate to high volatility under general classification schemes: a-HCH vapour pressure is far greater than that of the other two isomers.

Henry’s Law constants describe the volatility of a substance from an aqueous phase and are derived from both the water solubility and the vapour pressure. These indicate that all three isomers will be rapidly lost from a water surface to the air, with a-HCH being the most volatile and b-HCH the least volatile. Under real-world field conditions, it is the differences in Henry’s Law constant and not differential partitioning to soil (log KOC and KOW for the three solid isomers are very similar and show moderate partitioning to soil and moderate lipophilicity) that control differences in the transportation patterns of the three isomers. Volatilization from a moist surface and transport via air is the overwhelming driving mechanism for the removal of HCHs from the site of application, although long-distance transportation by rivers and ocean currents as dissolved and particle-sorbed phases is also important, especially for b-HCH. This has important consequences for field studies and the fate under real conditions of use, as the rate of volatalization of lindane and the contaminant isomers is affected not only by temperature but also by soil moisture content. Losses of lindane to the air from moist or wet soils are known to be more rapid than from drier soils. Lindane is also lost in runoff dissolved or sorbed to soil particles. Leachability from seed coatings and depth of seed plantings will also affect loss rates from fields. Since temperature, soil moisture and precipitation have enormous influence on the removal of lindane and other HCHs from the site of application, DT50s estimated from field studies may vary greatly from one site to another and from year to year, will not be applicable to other climates and may heavily overestimate or underestimate the field persistence of lindane in sites with weather or soil conditions different from those of the study. In particular they may greatly underestimate DT50 for arid or colder regions. It must be noted that the DT50s do not indicate that transformation of the applied lindane has taken place and does not reflect a removal of the substance from the environment as a whole - just movement from the site of application. Lindane and other HCH isomers are highly resistant to microbial and chemical attack and thus tend to persist in the environment as a whole. 

It should also be noted that the vapour pressures of liquid-phase HCHs decrease with decreasing temperature while the liquid-phase water solubilities increase with decreasing temperature. As a result, the Henry’s Law constants for all three isomers are correspondingly lower at 0-5°C than at 20-25°C. This leads to the “cold condensation” effect, whereby HCHs transported long distances by air are redeposited in colder regions such as the Arctic, high-altitude areas or in the cold waters of the Laurentian Great Lakes. One consequence of this is that the HCH isomers are selectively deposited in vulnerable environments (it is estimated that almost half of the global environmental burden of lindane and a-HCH is in the polar regions and a further 15% is in boreal regions, Li et al., 2002 and 2003) that are far removed from the original site of use and where colder temperatures greatly decrease the rates of chemical and microbial transformation. This redeposition can also occur on a more local/regional scale, as HCHs that volatize on warm days are redeposited during colder days or as a result of colder temperatures at night, over water bodies or in other zones that are colder than the surrounding areas. HCHs deposited in this manner can then revolatize and the cycle repeats as temprature and wind conditions allow. This phenomenon, known as “grasshoppering”, is not unique to HCHs and can give rise to unexpected and unpredictable concentration of contaminants in sites removed from the zone of application. 

HCHs can also enter the atmosphere by soil particle loading through wind erosion but this process appears to be of minor importance compared to volatilization (Bidleman, 1988). Lane et al. (1992), showed that the fractions of non-gas-phase lindane and -HCH in air were < 5%. In one European study, the DT50 of lindane in the soil of a sugar beet field soil was calculated to be just 42 days based on volatalization alone (Hermann, 1986).

