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NOTES: 
1. Some of the summary information below has been extracted from the document REV2007-13 Preliminary Risk and Value Assessments of Endosulfan, published by Canada’s Pest Management Regulatory Agency (PMRA).  The document is available on the internet at the following address: http://www.pmra-arla.gc.ca/english/pubs/rev-e.html
Note that this document is an interim assessment. Canada’s PMRA expects to publish a proposed decision document for stakeholder comment in 2009. A final decision which considers the stakeholders’ comments will follow.
2. A comprehensive and detailed review paper has been prepared as part of the upcoming Arctic Monitoring

and Assessment Program (AMAP) Assessment of Persistent Organic Pollutants. The review contributes valuable information to a number of the following sections, including: sources, hazard assessment, environmental fate and monitoring.  While the report is not available for broader distribution at this time, it will be published shortly in 2009: 

Jan Weber, Crispin J. Halsall, Derek Muir, Neil Mackay, Jeff Small, David Arnold, Keith Solomon, and Terry Bidleman. Edosulfan, a global pesticide: a review of its fate in the environment and occurrence in the Arctic.  Technical review prepared for the Arctic Monitoring and Assessment Program.  To be published in Science of the Total Environment in 2009.

	(a) Sources, including as appropriate (provide summary information and relevant references)

	(i) Production data:
	Endosulfan is not produced in Canada.

	
Quantity
	

	
Location
	

	
Other
	

	(ii) Uses
	The following uses were phased out in Canada: alfalfa; clover; field corn; sunflower; spinach; greenhouse ornamentals; residential uses; succulent beans; succulent peas; and wettable powder uses on field tomatoes, sweet corn, dry beans and dry peas (Ref: PMRA’s REV2007-13). 
Appendix IV of REV2007-13 lists endosulfan products registered in Canada. Appendix V lists all the Commercial Class product uses for which endosulfan is presently registered. Appendix V shows which uses the registrant will continue to support, will no longer support or will partially support. Uses of endosulfan belong to the following use-site categories: greenhouse non-food crops, greenhouse food crops, terrestrial feed crops, terrestrial food crops, outdoor ornamentals, outdoor structural industrial sites (food processing plants) (Ref: PMRA’s REV2007-13, page 2).



	(iii) Releases:
	

	
Discharges
	

	
Losses
	

	
Emissions
	Modeling (LRTP) and Emissions 

a.) Emission Inventory

Emission inventory of endosulfan in Canada, US and China has been constructed. Endosulfan has been extensively used in the southern US, the west coast and the Great Lake-St Lawrence valley of Canada, and central-eastern China. The Canadian Model for Environmental Transport of Organochlorine Pesticides (CanMETOP) was applied to numerical assessment of atmospheric transport to and multi-compartment fate of endosulfan in the Great Lakes for 2000 and 2001. Results indicated that the southern US and local sources adjacent to the Great Lakes made major input of the chemical to the Great Lakes. Although the usage in 2001 was almost the same as that in 2000, the modeled air concentration over the Great Lakes was notably lower in 2001 than 2000. This is consistent with the IADN measured results and is due largely to interannual climate variability.
Jia, H., Li, Y.,Wang, D., Cai, D., Yang, M., Ma., J., Hu, J. (2008) Endosulfan in China 1. Gridded usage inventories. Environ. Sci. Pollu. Res., 15, 10.1065/s11356-008-0042-z.
b.) Global study and Chinese study of endosulfan emissions

Global study:  Global usage and emission of endosulfan, and the relationship between global emissions and the air concentration of endosulfan in the Canadian arctic were reported in Li and MacDonald (2005). The major results are as follows:

Cumulative global use of endosulfan for crops is estimated to be 338 kt. The average annual endosulfan consumption in the world is estimated to be 10.5 kt from 1980 to 1989 and 12.8 kt from 1990 to 1999.
The general trend of total global endosulfan use has increased continuously since the first year this pesticide was applied. India is the world's largest consumer of endosulfan with a total use of 113 kt from 1958 to 2000.

Total global endosulfan emissions have also increased continuously since the year when this pesticide was first applied presently amounting to a total emission around 150 kt.
A time trend of -endosulfan air concentration at Alert between 1987 and 1997, compiled from several sources (Patton et al., 1989, Halsall et al., 1998 and Hung et al., 2002), shows this to be one of the few OCPs that is still increasing in arctic air. The data for emissions of -endosulfan show a large variance with a generally increasing trend at least up until the late 1990s. Canadian arctic air similarly exhibits scatter but the few available data are not inconsistent with the emission data, suggesting the atmosphere to be the important transporting medium.
Chinese study: Chinese endosulfan usage inventories were also extensively studied (Jia et al. 2008a). The major results are as follows:
The use of endosulfan in agriculture in China started on cotton in 1994, and on wheat, tea, tobacco, apple and other fruits in 1998. The annual applications of endosulfan from 1994 to 2004 in China were estimated based on the total areas of major crops on which endosulfan was applied, and spatial distribution of the application was generated at provincial and prefecture levels. Endosulfan usage on cotton, wheat, tea, tobacco, and apple in China has been estimated to be approximately 25,700 t between 1994 and 2004. The gridded endosulfan usage inventories on a 1/4( longitude by 1/6( latitude grid system were produced for China. The satisfaction of the inventories was supported by the consistence between the estimation of the annual usage and the reported annual production of endosulfan.
Based on usage inventories, historical gridded emission and residue inventories of α- and β-endosulfan in agricultural soil in China with 1/4( longitude by 1/6( latitude resolution have been created (Jia et al. 2008b). Total emissions were around 10 700 t, 7 400 t for α-endosulfan and 3 300 t for β-endosulfan from 1994 to 2004. The highest residues were 365 t for α-endosulfan and 263 t for β-endosulfan, and the lowest residues were 1.7 t for α-endosulfan and 119 t for β-endosulfan in 2004 in Chinese agricultural soil where endosulfan was applied. Based on the emission and residue inventories, concentrations of α- and β-endosulfan in agricultural surface soil and in Chinese air were also calculated for each grid cell. It turned out that the concentrations of endosulfan in Chinese soil and air derived from the endosulfan emission and residue inventories are consistent to the published monitoring data in general.
Concurrent measurements of endosulfan in Chinese air and soil across China were also carried out by the International Joint Research Center for Persistent Toxic Substances (IJRC-PTS), China, and the results are to be submitted for publication soon.
Halsall,C.J., R. Bailey, G.A. Stern, L.A. Barrie, P. Fellin and D.C.G. Muir et al., Multi-year observations of organohalogenated pesticides in the Arctic atmosphere, Environ. Pollut. 102 (1998), pp. 51–62.
Hung, H., C.J. Halsall, P. Blanchard, H.H. Li, P. Fellin and G. Stern et al., Temporal trends of organochlorine pesticides in the Canadian Arctic atmosphere, Environ. Sci. Technol. 36 (2002), pp. 862–868.
Patton, G.W., D.A. Hinckley, M.D. Walla, T.F. Bidleman and B.T. Hargrave (1989).  Airborne organochlorines in the Canadian high arctic.  Tellus 41B: 243-255.
Li, Y. F. and R. MacDonald, 2005, Sources and pathways of selected organochlorine pesticides to the Arctic and the effect of pathway divergence on HCH trends in biota: A review, the Science of the Total Environment, 342, 87-106.

Jia, H. L., Y.F. Li, D. G. Wang, D. Cai, M. Yang, J. Ma and J. Hu, 2008a, Endosulfan in China 1. Gridded Usage Inventories, Environmental Science and Pollution Research, DOI: 10.1007/s11356-008-0042-z, 2008.
Jia, H. L. Y.F. Li, D. Wang, M. Yang, J. Ma and D. Cai, 2008b, Endosulfan in China 2. Emissions and residues, Environmental Science and Pollution Research, In Review, 2008.
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	(b) Hazard assessment for endpoints of concern, including consideration of toxicological interactions involving multiple chemicals (provide summary information and relevant references)

	See below.


Toxicology data with relevance to human health (Ref: PMRA’s REV2007-13, page 2)
The toxicology database for endosulfan comprises studies provided by the manufacturer/registrant as well as

published studies. Endosulfan is highly acutely toxic via the oral and inhalation routes in rats. It

was also highly toxic via the dermal route in rabbits. Endosulfan was moderately irritating to the

eyes but was not a dermal irritant in rabbits, nor was it a skin sensitizer in Guinea pigs. Female

rats were much more sensitive to the acute oral and dermal effects of endosulfan than males.

This increased sensitivity to females was also noted in studies of longer duration. Technical

endosulfan was incompletely absorbed following oral administration in the rat. Metabolism

followed one of two pathways to form either sulfur conjugates or sulfur-free and polar

conjugates, which were excreted primarily in the feces and to a lesser extent in the urine. The

primary effect of endosulfan, via oral and dermal routes, is on the central nervous system (CNS).

Effects in laboratory animals as a result of acute, subchronic, developmental toxicity and chronic

toxicity studies indicate that endosulfan causes neurotoxic effects, particularly convulsions,

which may result from overstimulation of the CNS. Additional effects were noted in the liver,

kidney, blood vessels and hematological parameters following repeated exposure to endosulfan.

Endosulfan was not carcinogenic in mice or rats and was not genotoxic. It was negative for birth

defects in rats and rabbits, and there were no effects on reproductive performance in the rat.

However, published reports did provide some indication of diminished sperm production in

young rats that had been treated during development (Sinha et al.1995, Dalsenter et al. 1999).

Guideline studies showed no evidence of increased susceptibility in rat and rabbit fetuses

following exposure to endosulfan during pregnancy, or following prenatal/post natal exposure in

the two-generation reproduction study in rats. In the rat teratology study, fetal toxicity, which

included a slight decrease in pup body weights and an increased incidence of fragmented

thoracic vertebral centra, occurred at a maternally toxic dose. Nevertheless, some data from the

open literature suggest that young rats may be more susceptible to toxic effects of endosulfan on

neurological and reproductive parameters than older rats. Endosulfan produced negative or

equivocal findings in endocrine-specific assays; however, the potential association with

neuroendocrine effects or androgenic effects has not been fully examined and cannot be ruled

out.

Several human cases of endosulfan poisoning have been reported in the open literature, some of

which resulted in death. Clinical signs of toxicity in accidental poisoning in humans indicate

involvement of the CNS. Reported symptoms include seizures, irritability, disorientation,

dizziness, tremors, convulsions, cognitive deterioration and impairment of memory. In an

epidemiology study, 117 boys (10–19 years) from an Indian village at the foothills of cashew

plantations where endosulfan had been aerially applied for more than 20 years were compared to

a group of 90 control children with no exposure history (Saiyed et al. 2003). Mean serum

endosulfan levels were 5.5 times higher in the study group and the sexual maturity rating was

negatively related to endosulfan exposure. The authors suggested that endosulfan exposure in

male children may delay sexual maturity and interfere with sex hormone synthesis, although

study limitations due to small sample size and non-participation were also cited.

Reference doses for endosulfan were based on the no observed adverse effect levels (NOAELs)

for the most relevant endpoints; namely clinical signs of neurotoxic effects for shorter exposures

as well as effects on body-weight gain, kidneys, blood parameters and blood vessels for longer

exposures. These reference doses incorporate uncertainty factors to account for extrapolation

between laboratory animals and humans as well as for variability within human populations and

for data uncertainties (Appendix I, Table 1). Consistent with past PMRA policy and now

formalized under Canada’s new Pest Control Products Act that came into force in 2006, additional

safety factors have also been applied, where warranted, to protect children and pregnant females

from relevant endpoints of concern or any database uncertainty regarding a potential for

increased sensitivity in these population subgroups.

As the toxicological endpoint for short- and intermediate-term dermal exposure scenarios is

based on a NOAEL from a dermal toxicity study, no dermal absorption factor was necessary.

Where a dermal absorption factor is required (such as for acute exposure scenarios for which a

NOAEL derived from an oral study was used), a dermal absorption factor of 47% was applied,

based on a rat in vivo study.

Table 1 Summary of Toxicological Endpoints for Endosulfan
	Exposure Scenario 
	Endpoint(s) 
	Study 
	NOAEL (mg/kg bw/day) 
	UF/SF or MOEa 

	Acute Dietary General Population (includes females 13–50, infants, children) 
	Stilted gait, squatting posture, irregular respiration, decreased activity in female rats at 3 mg/kg bw 
	Acute neurotoxicity—rat 
	1.5 
	1000 

	
	ARfD = 0.0015 mg/kg bw/day 

	Chronic dietary (ADI) 
	Reduced body-weight gain, increased marked progressive glomerulonephritis, blood vessel aneurysm in male rats at 2.9 mg/kg bw/day 
	Two-year chronic dietary—rat 
	0.6 
	300 

	
	ADI = 0.002 mg/kg bw/day 

	Short-b and intermediate-termc dermal 
	Spasms, tremors 
	Overall NOAEL from 4 short-term dermal studies— rat 
	3.0e 
	300 

	Short-b intermediate-c longd-term inhalation 
	Decreased body-weight gain and decreased leukocyte count in males at 0.387 mg/kg bw/day 
	21-day inhalation— rat 
	0.2f 
	300 

	Long-term oral/dermal 
	Reduced body-weight gain, increased marked progressive glomerulonephritis, blood vessel aneurysm in male rats at 2.9 mg/kg bw/day 
	Two-year chronic dietary—rat 
	0.6 
	300 


a UF/SF refers to total of uncertainty and/or safety factors for dietary assessments, MOE refers to desired margin of

exposure for occupational assessments.

b Duration of exposure is 1–30 days.

c Duration of exposure is 1–6 months.

d Duration of exposure is > 6 months.

e No route-to-route extrapolation is required because the NOAEL was from a dermal study.

f No route-to-route extrapolation is required because the NOAEL was from an inhalation study.

	(c) Environmental fate (provide summary information and relevant references)

	Chemical/physical properties
	Process Research and Physical Chemical Properties

a.) Koa values for endosulfan and partitioning to aerosols:

Shoeib and Harner (2002) measured the octanol-air partition coefficient (Koa) for Endosulfan1 as a function of temperature and use it to predict partitioning to aerosols.

Shoeib, M.,  Harner, T.  Using measured octanol-air partition coefficients (KOA) to explain environmental partitioning of organochlorine pesticides. Environ. Tox. Chem. 2002,  21, 984-990.
b.) Papers which report endosulfan HLCs (note: Cetin's as function of T):

Rice, C.P., Chernyak, S.M., McConnell, L.L., (1997).  Henry’s law constant for pesticides measured as a function of temperature and salinity. J. Agric. Food Chem. 45: 2291-2298.

Cetin, B., Ozen, S., Sofuoglu, A., Odabasi, M. (2006).  Determination of Henry’s law constants of organochlorine pesticides in deionized and saline water as a function of temperature.  Atmos. Environ.40: 4538-4546.

Altschuh, D.H.F., Bru¨ ggemann, R., Santl, H., Eichinger, G., Pringer, O.G. (1999). Henry’s law constants for a diverse set of organic chemicals: experimental determination and comparison of estimation methods. Chemosphere 39: 1871–1887.

PMRA’s REV2007-13, page 12 - Endosulfan α and β isomers as well as the major transformation product endosulfan sulfate are classified as sparingly soluble in water. Based on vapour pressures for the α and β isomers, calculated Henry’s law constants and available monitoring data, both endosulfan isomers have an intermediate to high volatility under field conditions and can be subject to long-range transport. Endosulfan sulfate is considered relatively non-volatile under field conditions based on vapour pressure and Henry’s law constant. The   ultraviolet/visible absorption spectrum indicated there are no significant absorption peaks in the natural sunlight region (290–800 nm) of the spectrum for either α or β isomers, for endosulfan sulfate and endosulfan diol; therefore, phototransformation is not expected to be an important route of transformation.



	Persistence
	PMRA’s REV2007, page 12-13 - In soil, both aerobic and anaerobic processes contribute to the biotransformation of endosulfan. The major transformation product identified in all aerobic biotransformation studies was endosulfan sulfate. There was no information on the aerobic biotransformation of endosulfan sulfate; however, the combined half-life of endosulfan isomers plus endosulfan sulfate residues was greater than just the parent isomers, which indicates that endosulfan sulfate is more persistent than the parent isomers. Under anaerobic conditions, α endosulfan and β endosulfan are moderately persistent to persistent in soils according to the classification of Goring et al. (1975). Endosulfan sulfate appears to be persistent in soils under anaerobic conditions. Under field conditions, the α isomer dissipates fairly rapidly (50% loss in 40–60 days), but the β isomer was more persistent (50% loss in 800 days) in a bare sandy loam soil in a field dissipation study conducted in Canada. The α isomer would be considered moderately persistent and the β isomer persistent under these conditions according to the classification of Goring et al. (1975). Endosulfan sulfate was the major transformation product, which persisted throughout the study.

Information on soil organic carbon partition coefficients (Kocs) from four soils and a sediment as well as fate modelling, laboratory and field studies show that α and β endosulfan and endosulfan sulfate are strongly adsorbed and generally considered immobile in soils. There is however some difference between the isomers. Research has shown that the β isomer remained strongly adsorbed to sediment while the α isomer desorbed, resulting in the formation of endosulfan sulfate in the water column. While leaching into  groundwater is not a concern, endosulfan and its major transformation product endosulfan sulfate are still subject to surface water runoff. Surface water runoff occurs both in the dissolved phase, due to equilibrium partitioning, and through movement of soil particles with adsorbed endosulfan.

Once in an aquatic ecosystem, α and β endosulfan are expected to dissipate rapidly from the water column due to a combination of alkaline hydrolysis and partitioning into sediment. Maximum concentrations of endosulfan isomers and endosulfan sulfate in the sediment can be one to two orders of magnitude greater than that of the water column due to the strong adsorption to sediment particles. Endosulfan sulfate is much more persistent in the water column (half-life of a few weeks) compared to parent compound.



	How are chemical/physical properties and persistence linked to environmental transport, transfer within and between environmental compartments, degradation and transformation to other chemicals?
	Brown, Trevor N., and Frank Wania Screening Chemicals for the Potential to be Persistent Organic Pollutants: A Case Study of Arctic Contaminants. Environ. Sci. Technol., 2008, 42 (14), 5202-5209

· According to the modelling conducted by the authors, endosulfan was found have high arctic contamination and bioaccumulation potential and matched the structural profile for known arctic contaminants.

Muir, Derek C.G., Camilla Teixeira, and Frank Wania. Empirical and modelling evidence of regional atmospheric transport of current-use pesticides.. Environmental Toxicology and Chemistry 2004, Vol. 23, No. 10, pp. 2421–2432

· Various estimates of arctic contamination potential are provided (reviewed) for alpha-endosulfan and other current use pesticides and compared with empirical evidence from analysis of remote lake water.  Concludes that endosulfan is subject to LRT as predicted by models and confirmed by environmental measurements.

PMRA’s REV2007-13, page 13 - Endosulfan is mobile in the environment due to its volatility. Significant amounts volatilize from soil and leaf surfaces, particularly soon after application. The α isomer is more volatile than the β isomer, which in turn is more volatile than the sulfate transformation product. Subsequent deposition of volatilized endosulfan to water is favoured by high water/air partition coefficients. Endosulfan has been detected in air, water, snow and biota samples in remote areas such as the Arctic, which resulted from long-range atmospheric transport.


	Bio-concentration or bio-accumulation factor, based on measured values (unless monitoring data are judged to meet this need)
	Kelly, Barry C., and Frank A. P. C. Gobas. An Arctic Terrestrial Food-Chain Bioaccumulation Model for Persistent Organic Pollutants. Environ. Sci. Technol.,  2003, 37 (13), 2966-2974

· A model of the lichen-caribou-wolf food chain predicts biomagnification of beta-endosulfan based on the importance of high octanol-air partitioning co-efficient and despite a relatively low octanol-water partitioning co-efficient.  BMFs for wolf range from 5.3 to 39.8 for 1.5 to 13.1 year old wolves.

Kelly, Barry C., Michael G. Ikonomou, Joel D. Blair, Anne E. Morin, Frank A. P. C. Gobas. Food web-specific biomagnification of persistent organic pollutants. Science 2007, 317, p. 236

· Demonstrates the potential for biomagnification of endosulfan and other low-Kow, high Koa substances in air-breathing animals.

Morris A.D., D.C.G. Muir, K.R. Solomon, C. Teixeira, J. Epp, A.T. Fisk, R. Letcher, and X. Wang. Current-use pesticide bioaccumulation in Canadian Arctic ringed seal (Phoca hispida)food webs.  Presented at Arctic Change 2008, Quebec, Canada, December 2008.

· Concentrations of alpha-, and beta-endosulfan and endosulfan sulphate in ice-algae, phytoplankton, zooplankton, marine fish and ringed seal are presented.  Concentrations range from 0.1 – 2.5 ng/g lipid.  Log BAFs of 5.3 – 6.6 are calculated for planktons and fish.  Calculated trophic magnification factors were less than 1, suggesting no biomagnification in the ringed seal food chain.

PMRA’s REV2007-13, page 13 
Bioconcentration 

Bioconcentration data for endosulfan are available for several species of freshwater fish and invertebrates. Estimates of a bioconcentration factor (BCF) vary by almost 4 orders of magnitude, ranging from 1.97 to 11 583 for the Yellow tetra (Hyphessobrycon bifasciatus).

Endosulfan residues depurate rapidly in aquatic invertebrates and fish. Ernst (1977) reported a depuration half-life of 34 hours for the α isomer in marine mussels (Mytilus edulis). Toledo and Jonsson (1992) reported depuration half-lives of 2.9 and 5.1 days for the α and β isomers and 5.9 days for the sulfate transformation product in zebra fish (Brachydanio rerio).

Bioaccumulation

The endosulfan α and β isomers and endosulfan sulfate have log Kow values of 4.74, 4.79 and 3.77, respectively, which indicate a high potential for bioaccumulation in biota. Environment Canada reports measures of bioaccumulation factor (BAF) values on a wet-weight basis for α-endosulfan for a variety of zooplankton and Arctic fish species ranging from 3400 to 670 000. These data are presented in Table 4.1.1.

Endosulfan sulfate has been reported in beluga whale blubber samples from the Canadian Arctic (Stern and Ikonomou 2003). Concentrations increased 3.2-times over the 20-year period from 1982 to 2002. There is, however, some uncertainty in the validity of the trend to increasing endosulfan sulfate concentrations in beluga blubber because none of the results for endosulfan sulfate data in beluga blubber have been confirmed by gas chromatography with mass spectrometry (GC-MS); therefore, there is the potential for false positives due to interference from chlordane and/or toxaphene components.

These data indicate that endosulfan residues are bioaccumulating in these biota. Laboratory studies have shown that endosulfan residues are metabolized in fish and mammals; therefore, they would not be expected to bioaccumulate. Temperature could be an important variable that has not been accounted for in the comparison of BCFs from lab studies with field studies. The effect could be to limit metabolism of endosulfan both by invertebrates and fish under arctic

marine conditions (average temperature < 1˚C).

Biomagnification

The trophic magnification factors (TMFs) for α-endosulfan were generally < 1 when the food web was restricted to algae, zooplankton, and various species of fish. This suggests that averaged over at least three trophic levels, endosulfan is not biomagnifying in aquatic food webs.



Table 4.1.1 Bioaccumulation Factors for Selected Species in Cold Water Food Webs (from PMRA’s REV2007-13).
	 SEQ CHAPTER \h \r 1Organism
	Barrow 

Alaska
	White Sea
Russia
	Holman
North West Territories
	Lake Superior
Ontario

	[α-endosulfan]water 
	1.7 ± 0.76 pg/L
	3.1 ± 2.0 pg/L
	3.0 ± 0.97 pg/L
	2.3 ± 2.7 pg/L

	BAF* 
	
	
	
	

	Zooplankton
	610000
	660000
	200000
	670000

	Herring
	
	10000
	
	270000

	Cod
	30000
	56000
	3400
	

	Arctic char
	97000
	
	
	

	Salmon
	18000
	
	
	

	Smelt
	
	
	
	180000

	Navaga
	
	200000
	
	



* Values are wet-weight normalized, calculated as the average concentration of α-endosulfan in the organism

divided by the average concentration in water (Borga et al. 2004)

	(d) Monitoring data (provide summary information and relevant references)

	See also Table 4.1.1 (above). 

Air Monitoring Data and Data Demonstrating LRTP.

a.) GAPS Network and related passive sampling studies 

Endosulfan air concentrations are reported in this first globally resolved air sampling network, employing passive samplers at more than 50 sites on all seven continents. The GAPS (Global Atmospheric Passive Sampling) study has been operating since 2004.  Results have been published up to the end of 2005 (Pozo et al., 2006, in press; Harner et al., 2006) and 2006 data is now available.  Air concentrations for endosulfan are highest at sites impacted by agricultural use and are higher than for any of the other target compounds investigated with peak concentrations at several sites in the thousands of pg/m3. However, endosulfans are also detected at background and polar sites demonstrating the LRTP of this chemical. Strong seasonality is observed in air concentrations for endosulfan with highest concentrations during the summer season.

Pozo, K., Harner, T., Wania, F., Muir, D.C.G., Jones, K., Barrie, L.  Toward a global network for persistent organic pollutants in air: results from the GAPS study.  Environ. Sci. Technol. 2006, 40, 4867-4873.

Pozo, K., Harner, T., Lee, S.C., Wania, F., Muir, D.C.G., Jones, K.C.  Global and seasonally-resolved air concentrations of persistent organic pollutants from the first year of the GAPS study. Environ. Sci. Technol. (in press, ES&T asap).
Harner, T.,  Pozo Gallardo, K.,  Gouin, T.,  Macdonald, A., M.,  Hung, H.,  Global pilot study for persistent organic pollutants (POPs) using PUF disks passive air samplers.  Environ. Pollut.  2006, 144, 445-452.

PUF disk samplers were used to measure endosulfans and other OC pesticides in two South American countries.  In Chile, samplers were deployed at background sites along a 4200km transect to reveal a north-south gradient in air concentrations for endosulfan.  Higher concentrations at the northern sites were linked to LRT from potential source regions. In an altitudinal study in the Bolivian Andes (up to 5200 masl)  endosulfan was the dominant OC pesticide measured,  with air concentrations sometimes exceeding 1000 pg/m3. The increase with altitude was attributed to larger airsheds (regions contributing air masses to the sampling site) for the higher elevation sites with associated LRT from sources.

Estellano, V.H., Pozo, K., Franken, M., Zaballa, M.  Altitudinal and seasonal variations of persistent organic pollutants in the Bolivian mountains. Environ. Sci. Technol. 2008, 42, 2528-2534.

Endosulfan air concentrations were reported in several studies that investigated urban plumes of POPs.  Air concentrations were measured using passive samplers at varying distances from Toronto (along urban-rural-background transects) (Motelay-Massei et al., 2005; Gouin et al., 2008) and with altitude in the city, using the CN Tower as a sampling platform (Moreau-Guigon et al., 2007).  In general endosulfan air concentrations were uniform with altitude and also along urban-rural transects, indicating its widespread and relatively uniform distribution in the region.  Air concentrations of endosulfan were higher than for any other pesticide class investigated, with summer concentrations in the range of several hundred pg/m3.  For more distant background sites, that were not directly impacted by nearby agriculture, air concentrations of endosulfan were considerably lower.

Gouin, T., Shoeib, M., Harner, T.  Atmospheric concentrations of current-use pesticides across south-central Ontario using monthly-resolved passive air samplers.  Atmos. Environ.  2008, 42, 8096-8104.



	Moreau-Guigon, E., Motelay-Massei, A., Harner, T., Pozo, K., Diamond, M., Chevreuil, M., Blanchoud, H.  Vertical and temporal distribution of persistent organic pollutants in Toronto. 1. Organochlorine pesticides.  Environ. Sci. Technol. 2007, 41, 2172-2177.

Motelay-Massei, A.,  Harner, T.,  Shoeib, M.,  Diamond, M.,  Stern, G.  Rosenberg, B.  Using passive air samplers to assess urban-rural trends for persistent organic pollutants and polycyclic aromatic hydrocarbons. 2.  Seasonal trends for PAHs, PCBs, and organochlorine pesticides.  Environ. Sci. Technol.  2005, 39, 5763-5773.

In 2001, Harner et al. (2005) compared concurrent ground-based air measurements with aircraft-based samples collected in the mid-troposphere over the Canadian west coast (Fraser Valley, British Columbia) to assess trans-Pacific transport of OC pesticides.  Of the pesticides targeted in the study, only a-HCH was detected in the relatively low air volume samples collected on the aircraft.  Although endosulfan was detected in ground-based samples (showing higher concentrations at the rural site compared to the urban site), it was below detection in the high altitude samples. 

Harner, T.,  Shoeib, M.,  Kozma, M.,  Gobas, F. A. P. C.,  Li, S. M.  Hexachlorocyclohexanes and endosulfans in urban, rural and high altitude air samples in the Fraser Valley, British Columbia: evidence for trans-Pacific transport.  Environ. Sci. Technol.  2005, 39, 724-731.

b.) CANCUP - Canadian Atmospheric Network for Current-Use Pesticides.

Endosulfan air concentrations are reported for several agricultural regions in Canada from the Canadian Atmospheric Network for Current Use Pesticides (CANCUP) (Yao et al., 2006, 2008).  This three year study (2003-2005) assessed air concentrations of pesticdes in agricultural regions across Canada.  Endosulfan was one of the dominant pesticides detected in air with concentrations varying between regions and years, reflecting variability in pesticide applications. Highest air concentrations for endosulfan were reported in 2003 (8000 pg/m3) at a site in Kensington, PEI in the potato growing region.  This is the first national pesticide air sampling network in Canada. Under this study, a compilation of historic measurements of endosulfan in Canadian air and precipitation was also published (Tuduri et al., 2006).  

Aulagnier, F., Poissant, L., Brunet, D., Beauvais, C., Pilote, M, Deblois, C., Dassylva, N. (2008).

Pesticides measured in air and precipitation in the Yamaska Basin (Québec): Occurrence and concentrations in 2004.  Sci. Total Environ. 394: 338-348.

Tuduri, L.,  Harner, T.,  Blanchard, P.,  Li, Y-F., Poissant, L.,  Waite, D. T.,  Murphy, C.,  Belzer, W.  A review of currently used pesticides (CUPs) in Canadian air and precipitation: Part 1: Lindane and endosulfans.  Atmospheric Environment  2006, 40, 1563-1578.

Yao, Y., Tuduri, L., Harner, T., Blanchard, P., Waite, D., Poissant, L., Murphy, C., Belzer, W., Aulagnier, F., Li, Y-F., Sverko, E.  Spatial and temporal distribution of pesticide air concentrations in Canadian agricultural regions. Atmospheric Environment  2006, 40, 4339-4351.

Yao, Y., Harner, T., Blanchard, P., Tuduri, L., Waite, D., Poissant, L., Murphy, C., Belzer, W., Aulagnier, F., Sverko, E.  Pesticides in the atmosphere across Canadian agricultural regions.  Environ. Sci. Technol. 2008, 42, 5931-5937.



	c.)  IADN and Great Lakes Studies

IADN is a joint Canada-United States monitoring and research program founded under the Great Lakes Water Quality Agreement (GLWQA).  It was established in 1990 for the purpose of measuring loadings of priority toxic pollutants to the Great Lakes.

Endosulfan is currently used in the Great Lakes Basin with heavy uses in New York, Michigan, and some use in Ontario (Blanchard et al., 2004).  Endosulfan is measured in air and precipitation at all IADN master stations and some satellite sites.  
Blanchard, P.; Audette, C. V.; Hulting, M. L.; Basu, I.; Brice, K. A.; Chan, C. H.; Dryfhout-Clark, H.; Froude, F.; Hites, R. A.; Neilson, M. 2004. Atmospheric deposition of toxic substances to the Great Lakes: IADN results through 2000. U. S. Environmental Protection Agency and Environment Canada, ISBN: 0-662-37467-3, Canada Catalogue No. En56-156/2000-1E, EPA Report No. 905-R-04-900.

Sun et al. (2006a/b) reported the temporal and spatial trends of endosulfan in air and precipitation at 7 IADN sites.  Half-lives of endosulfan I and II in the gas and particle phases were also reported (Sun et al., 2006a).  The endosulfan concentrations in the gas phase showed a clear increasing trend from the west to east, except for the remote site of Burnt Island.  At each site, the average concentration was affected by high concentration spikes that usually occurred in the summer probably from current use application.  Higher endosulfan concentrations were observed at Point Petre, Sturgeon Point, and Sleeping Bear in gas, particle, and precipitation phases, which could be explained by its heavy use in the surrounding areas (Hoh and Hites, 2004).  

Sun, P.; Blanchard, P.; Brice, K. A.; Hites, R. A. 2006a. Atmospheric organochlorine pesticide concentrations near the Great Lakes: Temporal and spatial trends, Environmental Science and Technology 40:6587-6593.

Sun, P.; Backus, S.; Blanchard, P.; Hites, R. A. 2006b. Temporal and spatial trends of organochlorine pesticides in Great Lakes precipitation, Environmental Science and Technology 40:2135 -2141.  

Hoh, E.; Hites, R. A. 2004. Sources of toxaphene and other organochlorine pesticides in North America as determined by air measurements and potential source contribution function analyses. Environmental Science and Technology 38:4187-4194.

Using a probabilistic model called the potential source contribution function (PSCF), Hafner and Hites (2003) identified the atmospheric source regions of endosulfan to the IADN sites.  Results indicated that short-range transport of endosulfan dominates the inputs to the Great Lakes. 

Hafner, W. D.; Hites, R. A. 2003. Potential sources of pesticides, PCBs, and PAHs to the atmosphere of the Great Lakes. Environmental Science and Technology 37:3764-3773.
Gouin et al. (2005) reported levels of endosulfan I ranging from 40 to 1090 pg m-3 in passive air samples collected at 15 IADN sites between July 2002 and June 2003.  

Gouin, T.; Harner, T.; Blanchard, P.; Mackay, D. 2005. Passive and active air samplers as complementary methods for investigating persistent organic pollutants in the Great Lakes basin. Environmental Science and Technology 39:9115-9122.




	

	Endosulfan in Arctic Air – Measurements Under the Northern Contaminants Program (NCP):

Hung, H., Kallenborn, R., Breivik, K., Su, Y., Brorstrøm-Lunden, E., Olafsdottir, K, Leppanen, S., Bossi,  R., Skov, H., Manø, S., Stern, G., Sverko, E., Fellin, P. (in review)  Atmospheric Monitoring of Organic Pollutants in the Arctic under the Arctic Monitoring and Assessment Programme (AMAP): 1993-2006.  Sci. Total Environ.

· Under the Canadian-operated Northern Contaminants Program (NCP), atmospheric measurement of endosulfan has been conducted in the Arctic since 1992 using high volume air samplers.  NCP is part of the Arctic Monitoring and Assessment Programme (AMAP) and include sampling stations in the Canadian and Russian Arctic.  The Alert Global Atmospheric Watch Station (Ellesmere Island, Canada, 82° 30’ N, 62° 20’ W) was the only long-term station that reported multi-year endosulfan I air concentrations from 1992 to 2005.  Atmospheric endosulfan I was also reported at three Canadian stations of Tagish, Little Fox Lake and Kinngait and three Russian stations of Dunai, Amderma and Valkarkai. It was measured at Alert with average air concentrations ranging from 3.3 (in 1993) to 6.5 (in 2003) pg/m3.  Very slow decline was observed in air at Alert with an apparent halflife of 62 yearsbetween 1993 and 2001 and remained more or less constant between 2002 and 2005.  Similar average concentrations were observed at the Russian Arctic stations of Amderma, Dunai and Valkarkai [ranging from 3.1 (in 1993-1994) to 5.4 (in 1994-1995) pg/m3 at Dunai]. The highest averages were measured in the Yukon region at 8.3 pg/m3 at Tagish in 1994 and, again, at Little Fox Lake in 2002-2003.  As these two stations are located in the lower western North American Arctic, they may be subjected to air mass influence from Asia and western North America where endosulfan is commonly used.

Su, Y., Hung, H., Blanchard, P., Patton, G. W., Kallenborn, R., Konoplev, A., Fellin, P., Li, H., Geen, C., Stern, G., Rosenberg, B., Barrie, L. A. (2008) A Circumpolar Perspective of Atmospheric Organochlorine Pesticides (OCPs): Results from Six Arctic Monitoring Stations in 2000-2003.  Atmos. Environ., 42: 4682–4698.

· Su et al. (2008) has compared the air concentrations of endosulfan I measured at 5 Arctic stations in 2000-2003.  Similar concentrations were found across the stations in November–May, whereas large spatial divergence was found in June–October, reflecting summertime applications of endosulfan I in source areas followed by long-range transport to the Arctic. The median air concentration of endosulfan I was 3.2 pg/m3 at the 5 stations.

Weber, J., Halsall, C. J., Muir, D. C. G., Teixeira, C., Burniston, D. A., Strachan, W. M. J., Hung, H., Mackay, N., Arnold, D., Kylin, H. (2006) Endosulfan and -HCH in the Arctic: An Assessment of Surface Seawater Concentrations and Air-Sea Exchange. Environ. Sci. Technol. 40: 7570-7576.

· Weber et al. (2006) has used a fugacity approach to assess the net direction of air-water transfer of endosulfan in the Arctic.  It was found that water-air fugacity ratios (FR) were all <1 indicating net deposition to all regions of the Arctic Ocean, with the lowest values (0.1-0.2) evident in the CanadianArchipelago. Equilibrium may have been reached for this compound in the western fringes of the Arctic Ocean where the highest water concentrations were observed.



	Studies in Mexico
Environment Canada conducted air monitoring in Mexico from 2000-2006 using high volume and passive samplers.  Iinitial work was in Tapachula in the state of Chiapas (Alegria et al., 2006), and was later expanded to four stations in southern Mexico: Tapachula again, a mountain site in Chiapas, rural Tabasco and the city of Veracruz (Alegria et al., 2008).  The most recent survey with passive samplers covered sites running from the south to north of Mexico (Wong et al., 2008a).  Endosulfan was measured in all three studies.  Only endosulfan-I was reported in the Alegria 2006 paper, while all three compounds (endo-I, endo-II and endosulfan sulfate) were reported (as the sum of endosulfan) in the 2008 papers.  The Wong et al. study encountered a "hot spot" for endosulfan at Mazatlan, state of Sinaloa, which has an intensive agricultural industry.  In this area, the annual mean total endo concentration was 26,800 pg/m3.

OC pesticides were also measured in soils at the four southern Mexico sites (Wong et al., 2008b).  Low concentrations of total endosulfan were found, ranging from <0.015 ng/g to 1.1 ng/g dry weight.

Alegria, H.A., Bidleman, T.F., Salvador Figueroa, M. (2006).  Organochlorine pesticides in the ambient air of Chiapas, Mexico.  Environ. Pollut. 140: 483-491.

Alegria, H.A., Wong, F., Jantunen, L.M., Bidleman, T.F., Salvador Figueroa, M., Gold Bouchot, G., Waliszewski, S., Ceja Moreno, V., Infanzon, R.  (2008). Organochlorine pesticides and PCBs in the air of southern Mexico, 2002-2004.  Atmos. Environ. 42, 8810-8818.

Wong, F., Alegria, H.A., Bidleman, T.F. et al. (2008a).  Passive air sampling of organochlorine pesticides in Mexico.  Environ. Sci. Technol., in press.

Wong, F.,  Alegria, H.A., Jantunen, L.M., Bidleman, T.F., Salvador Figueroa, M.,  Gold Bouchot, G., Waliszewski, S., Ceja Moreno, V., Infanzon, R. (2008b). Organochlorine pesticides in the soils and air of southern Mexico: chemical profiles and potential for soil emission.  Atmos. Environ. 42, 7737-7745.
North American passive sampling study and CTD distance for endosulfan.
Earlier,Environment Canada collaborated with Li Shen, Frank Wania and others in a passive air sampling study of OC pesticides across North America (Shen et al., 2005).  Endosulfans (I and II) were reported in that paper.  Highest air concentrations were found in Summerland, British Columbia (800 pg/m3) and Tapachula, Mexico (370 pg/m3), intermediate levels occurred in the Great Lakes region, southern U.S. and eastern Canada, and lower levels in the Canadian prairies (with the exception of a couple sites, where intermediate air concentrations were found), and in the Canadian Arctic.  Characteristic travel distances (CTDs, distance over which the air concentration drops by 67%) for endosulfan were derived from latitudinal gradients in air concentrations and were also predicted from air transport models.  The empirical CTD for endosulfan-I was 1978 km, compared to ~600 km from models.  The higher empirical CTD may result from usage of endosulfan in areas within the latitude bands sampled, rather than being dispersed within a narrow latitude band, as assumed by the transport models.

Shen, L., Wania, F., Lei, Y.D., Teixeira, C., Muir, D.C.G., Bidleman, T.F. (2005). Atmospheric distribution and long-range transport behavior of organochlorine pesticides in North America.  Environ. Sci. Technol. 39,  409-420.

Historical data demonstrating LRTP for endosulfan. 

Air transport of endosulfan is not a new phenomenon. Endosulfan-I was reported in 1976-77 air samples collected over the Arabian Sea, Persian Gulf and Red Sea (Bidleman and Leonard,1982), in 1976-77 air samples collected over the North Atlantic and southern Newfoundland (Bidleman et al., 1981), and in 1986-87 air samples collected at the Canadian Ice Island (Patton et al.,  1989).  ).  In the latter study, endosulfan-I air concentrations averaged 7.1 pg/m3 in summer and 3.7 pg/m3 in spring


	These concentrations are remarkably close to those observed at eight circumpolar stations from 2000-2003 (4.2 and 3.2 pg/m3, mean and median) (Su et al., 2008).  Concentrations of endosulfans in air at Sable Island, Nova Scotia in 1988-1989 ranged from 1.4 - 81 pg/m3 (endo-I) and 6.3-19 pg/m3 (endo-II) (Bidleman et al., 1992). 
An early report of endosulfan in arctic snow was by Gregor and Gummer (1989), who measured 0.1-1.3 (mean 0.41) ng/L in snow meltwater collected in 1986.  

Early reports in arctic seawater were from Resolute Bay in 1993 (Hargrave et al.,1997) and the Bering-Chukchi seas and the Central Arctic Ocean in 1993-94 (Jantunen and Bidleman, , 1998). These may have been included in the endosulfan review by Weber et al. ( 2006). 

Endosulfan (sum of the three compounds) was measured in 200 tree bark samples (collected 1992-95) from 90 sites worldwide (Simonich et al., 1995).  
Endosulfan (sum of three compounds) was measured in air at Mount Bachelor Observatory, a remote high elevation site in the Oregon Cascades (Primbs et al., 2008).  Increased endosulfan concentrations were measured during the spring and summer and during periods when air masses spent considerable time over Eastern Oregon/Washington). Increasing endosulfan I concentrations were significantly correlated (p-value < 0.05) with increasing air mass time over Eastern Oregon/Washington.  Decreasing endosulfan sulfate concentrations were significantly correlated (p-value<0.05) with increasing air mass time over Asia, while increasing concentrations were associated with increasing air mass time over Siberia.Air masses that spent increased time in Siberia were often associated with high pressure systems that directed the air mass through Eastern Oregon/Washington.
Endosulfans I and II were recently reported in a passive air sampling study in India (Zhang et al., 2008 ).  Mean concentrations in urban, rural and wetlands regions (pg/m3) were:  endo-I:  264 (urban), 262 (rural) and 5 (wetland); endo-II:  76 (urban), 53 (rural) and 6 (wetland). Concentrations of endo-I over the northern part of the South China Sea averaged 131 pg/m3 in September, 2005 (Gan et al., 2007).  An average endo-I air concentration of 27 pg/m3 was reported for Mount Everest in June, 2002 (Li et al., 2006).  Endo-I was found in spruce needles from the central Himalayas (Wang et al., 2006).  Concentrations ranged from 0.8 - 2 ng/g dry weight were positively correlated with elevation in the range of 2400-3600 meters.  

The three endosulfans were measured in air at arctic (2004-2005) and antarctic (2005-2006) stations using passive air samplers (Choi et al., 2008).  The time-integrated endo-I concentration was 25 pg/m3 at one arctic site, but not quantifiable at the other two due to interferences.  Endo-II was below detection at all three arctic sites, while measureable concentrations of endosulfan sulfate were found, ranging from 0.56-0.85 pg/m3.  Endo-I was quantified at 17-27 pg/m3 at two antarctic sites and below detection at the third.  As in the Arctic, endo-II was below detection at all three antarctic sites.  Endosulfan sulfate ranged from 0.65-0.96 at two antarctic sites and was below detection at the third.

Bidleman, T.F., E.J. Christensen, W.N. Billings and R. Leonard (1981).  Atmospheric transport of organochlorines in the North Atlantic gyre.  J. Marine Res. 39: 443-464.

Bidleman, T.F., W.E. Cotham,  R.F. Addison and M.E. Zinck (1992)  Organic contaminants in the northwest Atlantic atmosphere at Sable Island, Nova Scotia, 1988-89.  Chemosphere 24: 1389-1412.

Bidleman, T.F. and R. Leonard (1982).  Aerial transport of pesticides over the northern Indian Ocean and adjacent seas.  Atmos. Environ. 16: 1099-1107.

Choi, S-D., Baek, S-E., Chang, Y-S., Wania, F., Ikonomou, M.G., Yoon, Y-J.,  Park, B-K., Hong, S. (2008).  Passive air sampling of polychlorinated biphenyls and organochlorine pesticides at the Korean arctic 
and antarctic research stations:  implications for long-range transport and local pollution.  Environ. Sci. Technol 42: 7125-7131.




	

	Gregor, D.J., Gummer, M.D. (1989).  Evidence of atmospheric transport of organochlorine pesticides and polychlorinated biphenyls in Canadian Arctic snow.  Environ. Sci. Technol. 23: 1528-1531.

Hargrave, B.T., L.A. Barrie, T.F. Bidleman and H.E. Welch (1997).  Seasonality in exchange of organochlorines between arctic air and seawater.  Environ. Sci. Technol. 31: 3258-3266.

Jantunen, L.M.M. and T.F. Bidleman (1998). Organochlorine pesticides and enantiomers of chiral pesticides in Arctic Ocean water.  Arch. Environ. Contam. Toxicol. 35: 218-228 .

Li, J., Zhu, T., Wang, F., Qiu, X.H., Lin, W.L. (2006). Observation of organochlorine pesticides in the air of 
the Mt. Everest region. Ecotoxicology and Environmental Safety 63: 33-41. 

Patton, G.W., D.A. Hinckley, M.D. Walla, T.F. Bidleman and B.T. Hargrave (1989).  Airborne organochlorines in the Canadian high arctic.  Tellus 41B: 243-255.

Primbs, T., Wilson, G., Schmedding, D., Higginbotham, C., Simonich, S.M.  (2008).  Influence of Asian and western United States agricultural areas and fires on the atmospheric transport of pesticides in the western United States.  Environ. Sci. Technol. 42: 6519-6525.

Simonich, S. L.; Hites, R. A. (1995).  Global distribution of persistent organochlorine compounds. Science 269: 1851–1854.

Su, Y., Hung, H., Blanchard, P., Patton, G.W., Kallenborn, R., Konoplev, A., Fellin, P., Li, H., Geen, C., Stern, G., Rosenberg, B., Barrie, L.A.. (2008). A circumpolar perspective of atmospheric organochlorine pesticides (OCPs): Results from six arctic monitoring stations in 2000–2003.  Atmos Environ 42: 4682-4698.

Wang, X-P., Yao, T-D., Cong, Z-Y., Yan, X-L., Kang, S-C., Zhang, Y.  (2006).  Gradient distribution of persistent organic contaminants along northern slope of central-Himalayas, China.  Sci. Total Environ. 372: 193-202.

Weber, J.,  Halsall, C.J., Muir, D.C.G., Teixeira, C., Burniston, D.A., Strachan, W.M.J., Hung, H., Mackay, N., Arnold, D., Kylin, H.  (2006). Endosulfan and gamma-HCH in the Arctic:  An assessment of surface seawater concentrations and air-sea exchange.  Environ. Sci. Technol. 40: 7570-7576.

Zhang, G., Chakraborty, P., Li, J., Sampathkumar, P.,  Balasubramanian, T., Kathiresan, K., Takahashi, S., Subramanian, A., Tanabe, S., Jones, K.C. (2008).  Passive atmospheric sampling of organochlorine pesticides, polychlorinated biphenyls and polybrominated diphenyl ethers in urban, rural and wetland sites along the coastal length of India.  Environ. Sci. Technol. 42: 8218-8223.

Zhang, G., Li, J., Cheng, H., Li, X., Xu, W., Jones, K.C. (2007).  Distribution of organochlorine pesticides in the northern South China Sea: Implications for land outflow and air−sea exchange Environ. Sci. Technol. 41: 3884-3890



	

	Monitoring results for abiotic media:

Jantunen, L.M., Wong, F., Bidleman, T.F., Stern, G. 2008.  Air-water gas exchange of currently used pesticides in the Canadian Archipelago.  Presented at the Society of Environmental Toxicology and Chemistry, Tampa, November 2008. 

· Paired air-water concentrations of endosulfan I and II presented for a number of Arctic locations collected summer 1999, 2007, and 2008. Data are summarized below:

For Tundra North West in 1999, cruise from Iqaluit to Resolute Bay, July 1999.

Water2007

Endosulfan-I range 1.5-3.3, mean 2.2+/-0.8 pg/L

Endosulfan-II range 1.0-1.2, mean 1.1+/-0.1 pg/L

Air

Endosulfan-I range 1.3-3.4, mean 2.1+/-0.75 pg/m3

Endosulfan-II not analyzed

At Resolute Bay 1999, June to August

Air only

Endosulfan-I nd-12.4, mean 6.2+/-3.0 pg/m3

Endosulfan-II nd-1.0, mean 0.24+/-0.3 pg/m3

Northern Labrador Sea August 2007

Air: Endo-I mean 3.9+/-0.93, range 2.1-5.0 pg/m3

Hudson Bay August 2007

Endo-I mean 2.9+/-1.1, range 1.1-4.8 pg/m3

Banks Island May 2008

Air: Endo-I mean 3.0+/-0.62, range 2.0-4.0 pg/m3

Banks Island June-July 2008

Air: Endo-I mean 1.7+/-0.69, range 1.1-3.4 pg/m3

Water: 

Labrador Sea and Hudson Bay August 2007

Endo-I mean 5.1+/-1.2, range 3.6-7.4 pg/L

Endo-II mean 2.9+/-1.4, range 0.65-5.6 pg/L

Banks Island 2008

Endo-I mean 2.1+/-0.80 range 0.94-3.4 pg/L

Endo-II mean 0.45+/-0.21, range 0.05-0.81 pg/L
Chernyak, Sergey M., Clifford P. Rice, and Laura L. McConnell.Evidence of Currently-Used Pesticides in Air, Ice, Fog, Seawater and Surface Microlayer in the Bering and Chukchi, Seas. Marine Pollution Bulletin, Vol. 32, No. 5, pp. 410-419, 1996

· Concentrations of endosulfans are reported for air and seawater of the Bering and Chukchi Seas.



	

	Choi, S-D., Baek, S-E., Chang, Y-S., Wania, F., Ikonomou, M.G., Yoon, Y-J.,  Park, B-K., Hong, S. (2008).  Passive air sampling of polychlorinated biphenyls and organochlorine pesticides at the Korean arctic 
and antarctic research stations:  implications for long-range transport and local pollution.  Environ. Sci. Technol 42: 7125-7131.
· Atmospheric concentrations were determined from passive air samplers deployed at Antarctic and Arctic sites.  Endosulfan I was one of the most abundant compounds measured at both sites.  Note results are reported with supporting information, not in the article itself.

Hageman, Kimberly J., Staci L. Simonich, Donald H. Campbell, Glenn R. Wilson, and Dixon H. Landers. Atmospheric Deposition of Current-Use and Historic-Use Pesticides in Snow at National Parks in the Western United States Environ. Sci. Technol., 2006, 40 (10), 3174-3180

· Concentrations of endosulfan (I, II and sulphate) in seasonal snowpack are reported for national parks in the US, including sites in Alaska.  Endosulfan compounds were among the most frequently detected compounds in the study.
Hargrave, B.T., L.A. Barrie, T.F. Bidleman and H.E. Welch (1997).  Seasonality in exchange of organochlorines between arctic air and seawater.  Environ. Sci. Technol. 31: 3258-3266.

· Air-seawater fluxes of endosulfan-1 are calculated using measured values in Arctic air (0.05 – 7.0 pg/m3) and seawater (2.0 – 5.7 pg/L), and henry’s law constants and fugacity ratios.  It was concluded that the atmosphere is a net source of endosulfan to the surface seawater accounting for over 50% of the surface inventory.

Hermanson, Mark H., Elisabeth Isaksson, Camilla Teixeira, Derek C. G. Muir, Kevin M. Compher, Y-F. Li, Makoto Igarashi, and Kokichi Kamiyama.Current-Use and Legacy Pesticide History in the Austfonna Ice Cap, Svalbard, Norway Environ. Sci. Technol., 2005, 39 (21), 8163-8169

· Results are summarized for alpha- and beta-endosulfan measured in an ice-core the Austfonna ice cap, Svalbard, Norway.  Peak concentration in the cores correspond with mid 1990s for alpha-, and early-mid 1980s for beta-endosulfan.
Muir, D.C.G., J. Zheng, C. Young, V. Furdui, S. Maybury, X. Wang, D. Walsh, R. Koerner and C. Zdanowicz (2007) Environmental trends monitoring of new chemical contaminants in the Canadian high Arctic via ice and snow cores. In: Synopsis of research conducted under the 2006-2007 Northern Contaminants Program. Indian and Northern Affairs Canada. Ottawa, ON. pp194-202.

· Flux of alpha-edosulfan to the Devon Ice Cap was estimated at 0.7 and 8.37 ng/m2/yr for 2000-2001 and 2004-2005 respectively.  Flux of endosulfan sulphate was estimated at 1.76 and 11.2 ng/m2/yr for the same time periods.  Flux estimates are based on measured concentrations in snow.



	Carroll, JoLynn, Vladimir Savinov, Tatiana Savinova, Salve Dahle, Robert McCrea, and Derek C. G. Muir. Environ. PCBs, PBDEs and pesticides released to the Arctic Ocean by the Russian Rivers Ob and Yenisei. Sci. Technol., 2008, 42 (1), 69-74

· Estimates input of disolved alpha-endosulfan of 8kg /year to the Kara Sea based on measured concentrations of in the Ob and Yenisei river estuaries. 

Pozo, Karla, Tom Harner, Sum Chi Lee, Frank Wania, Derek C. G. Muir, and Kevin C. Jones. Seasonally Resolved Concentrations of Persistent Organic Pollutants in the Global Atmosphere from the First Year of the GAPS Study. Environ. Sci. Technol., Article ASAP (available on-line)

· Results are presented for endosulfan and other compounds measured under the Global Atmospheric Passive Sampling program (GAPS), which includes measurement sites in the Arctic, including Arctic Canada.

Monitoring results for biota
Muir, Derek, Tatiana Savinovab, Vladimir Savinovb, Ludmila Alexeevac, Vladimir Potelovd, Vladislav Svetochevd. Bioaccumulation of PCBs and chlorinated pesticides in seals, fishes and invertebrates from the White Sea, Russia. The Science of the Total Environment 306 (2003) 111–131

· Concentrations of alpha-endosulfan are reported harp seals, ringed seals,  and bearded seals as well as in fishes and invertebrates from the White Sea, in northwest Russia.

Muir, D.C.G., G. Kock, D. Bright, G. Sardella, C. Cannon, M. Comba, S. Backus, X. Wang, and J. Reist, (2003) Temporal Trends of Persistent Organic Pollutants and Metals in Landlocked Char. In: Synopsis of research conducted under the 2001-2002 and 2002-2003 Northern Contaminants Program. Indian and Northern Affairs Canada. Ottawa, ON.
· Reported increasing temporal trends in alpha-endosulfan concentrations in land-locked char from Arctic Canada, with mean concentrations ranging from 1.7 to 9.9 ng/g lipid.

Stern, G.A., C.R. Macdonald, D. Armstrong, B. Dunn, C. Fuchs, L. Harwood, D.C.G. Muir, B. Rosenberg. Spatial trends and factors affecting variation of organochlorine contaminants levels in Canadian Arctic beluga (Delphinapterus leucas). Science of the Total Environment 351–352 (2005) 344– 368.

· Reported concentrations of endosulfan sulphate in beluga whales collected from various Canadian Arctic locations and time periods (1992-2000) range from approximately 10-80 ng/g ww (geometric mean concentrations per location/time period)

Vorkampa, Katrin, Frank Riget, Marianne Glasius, Maria Pe´cseli, Michel Lebeuf, Derek Muir. Chlorobenzenes, chlorinated pesticides, coplanar chlorobiphenyls and other organochlorine compounds in Greenland biota. Science of the Total Environment 331 (2004) 157–175.

· Concentrations of ∑endosulfan (alpha- plus beta-endosulfan) are reported for a wide variety of terrestrial and marine biotic species and tissues collected from Greenland.




	(e) Exposure in local areas (provide summary information and relevant references)

	General
	

	As a result of long‑range environmental transport
	PMRA’s REV2007-13, page 33- Endosulfan (α and β isomers) has been detected in air, water, snow and biota samples in remote areas such as the Arctic which has resulted from long range atmospheric transport, and meets the criteria for persistence in air. 

	Information regarding bio-availability
	


	(f) National and international risk evaluations, assessments or profiles and labelling information and hazard classifications, as available (provide summary information and relevant references)

	A Preliminary Risk and Value Assessments of Endosulfan, published by Canada’s Pest Management Regulatory Agency (REV2007-13).  The document is available on the internet at the following address: http://www.pmra-arla.gc.ca/english/pubs/rev-e.html
This document is an interim assessment. PMRA expects to publish a proposed decision document for consultation in 2009 for stakeholder comment. A final decision which considers the stakeholders’ comments will follow.


	(g) Status of the chemical under international conventions
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