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	Chemical name 

(as used by the POPs Review Committee)
	Endosulfan
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	8th Jan 09


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

	(i) Production data:
	

	
Quantity
	Total country’s production (technical grade)






Qty. in MT (2007-08)






Production       Export    Import

1.  Excel Crop Care


 5500                  1450         

2.   H.I.L. 



 1600                    550         

3.  Coromandal Fertilizers

 2400                  1500




          Total       9500                  4000          Nil

	
Location
	India

	
Other
	

	(ii) Uses
	Endosulfan is  registered as Agricultural Insecticide/ Acaricide for use in a variety of Agricultural, Horticultural crops. It is specially recommended for use under Integrated Pest Management (IPM) system & also for Insect Resistance Management (IRM). Endosulfan   is approved in India by IS 6695-1972 for use in honey bee foraging crops. In USA, it is also registered since 2006 as veterinary insecticide for use as ear tags on lactating and beef cattle for control of flies and ticks.

	(iii) Releases:
	

	
Discharges
	

	
Losses
	

	
Emissions
	

	
Other
	


	(b) Hazard assessment for endpoints of concern, including consideration of toxicological interactions involving multiple chemicals (provide summary information and relevant references)

	UNEP/POPS/POPRC.4 Decision on annex D screening criteria E(ii) Adverse Effects:

The EC proposal confirms in its report that Investigations of chronic human toxicity exert Endosulfan to be neither a carcinogenic nor a  reproductive toxin nor a  teratogen in mammals. There are several results in vitro & in vivo showing no mutagenic effect.

The EU’s proposal’s reference regarding Endosulfan has the potential to cause endocrine disruption & neurotoxicity are unproved speculation.

As part of a study to optimize investigations of estrogenic activity, endosulfan and nine other chemicals (17ß-estradiol, diethylstilbestrol, tamoxifen, 4-hydroxytamoxifen, methoxychlor, the methoxychlor metabolite 2,2-bis (para-hydroxyphenyl)-1,1,1-trichloroethane, nonylphenol, ortho, para'-DDT, and kepone) with known or suspected estrogenic activity were tested in three assays: competitive binding to the mouse  uterine estrogen receptor, transcriptional activation in HeLa cells transfected with plasmids containing an estrogen receptor and a response element, and  the uterotropic assay in mice. The results of the three assays were consistent with respect to the known estrogenic activities of the chemicals tested and their requirements for  metabolic activation. There was no evidence from any of these tests that endosulfan is estrogenic (Shelby et al., 1996).

Shelby, M.D., Newbold, R.R., Tully, D.B., Chae, K. & Davis, V.L. (1996) Assessing environmental chemicals for estrogenicity using a  combination of in vitro and in vivo assays.  Environ. Health  Perspectives, 104, 1296-1300.

(Document Source- 950.Endosulfan (JMPR Evaluations 1998 Part II Toxicology). 
Endosulfan is classed as not being an endocrine disruptor.
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	 (c) Environmental fate (provide summary information and relevant references)

	Chemical/physical properties
	

	Persistence
	Persistency  data in the EU proposal were mostly based on laboratory conditions on sterile soil. Very limited or no field study data has been presented and relied on   its assessment of Endosulfan as a candidate POP. The soil metabolism studies in the laboratory primarily served to disclose the metabolites of endosulfan in soil rather than to derive a realistic figure of the degradation half lives. Half-lives of new soil metabolism studies using biologically active soil have not been considered.

The number of samples analyzed in the published   Long-Range Monitoring studies is very limited and the results show high variability. Therefore, they are not realistic and statistically sustainable.

Data from  abiotic hydrolysis studies under laboratory conditions at pH of less than 5 (highly acidic conditions) are not representative of actual field conditions. Natural water or freshwater has a pH range around 7.

International Union of Pure and Applied Chemistry(IUAPC) in its report titled “ Pesticides Fate in Tropical Soils” categorically states “ field investigations of tropical pesticide soil fate indicate that dissipation occurs more rapidly, in some cases much more rapidly, than for pesticides used under similar temperate conditions”

IUPAC Reports on Pesticides (38)

Persistence in soil

Terrestrial Field studies were conducted with endosulfan during the 1989-90 Kharif season in bare cotton soil, to investigate the fate of endosulfan and its downward movement under sub-tropical conditions of northern India. Dissipation of the total endosulfan residues occurred to an extent of 92-97% in the first four-week period. Residue half life DT50 varied from 39 to 42 days.
Trilochan S. Kathpal, Attar Singh, Jagbir S. Dhankhar & Gulab Singh.-Fate of Endosulfan in Cotton Soil under Sub-tropical Conditions of Northern India-Pestic. Sci. 1997, 50, 21-27 

Persistence and downward movement of endosulfan residues were studied in a sandy loam soil under wheat cultivation at two locations on the bank of river Ganga at Farrukabad (India). The residues of endosulfan in soil (0-15cm) persisted for 60 days with half life of 10.3-10.6 days.

Agnihotri NP, Chatterjee S, Gajbhiye VT and Mohapatra SP (1996) Persistence and movement of endosulfan in soil in a supervised field trial at Farrukabad. Pestic Res J, 8(2): 152-156.

(Document Source-Pesticide Research Journal- Society of Science India)

In a 9 month field dissipation study in which endosulfan was applied once in accordance with its insecticidal uses, it was found to dissipate moderately fast (DT50 = 7.4 days, DT90 = 24.6 days). Low mobility was also observed, despite significant precipitation and irrigation. Endosulfan degrades aerobically via oxidation, with α isomer degrading quicker than its β counterpart (DT50 values at 21-220C ranges from 12-39 and 108 days, respectively). 
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Endosulfan is a mixture of two isomers- α & β in 70: 30 ratios. Based on laboratory studies which demonstrated DT 50 (Half Life) value of < 30 days and α & β Endosulfan were not expected to be persistent in soil. 

Pesticide Manual-(13th Edition). 

Overall soil degradation rates observed in the field studies varied in order of magnitude depending on soil and other environmental conditions. Half-lives varied from 6-71 days for α – isomer, 41-93 days for combined α and β isomers residues. Kennedy, et al. (2001) found that endosulfan dissipation from both foliage and soil with half-lives of total 1.6 days in foliage and 7.1 days in soil, mainly due to the rapid volatilization of the parent isomers in the first 5 days. Endofulfan was sprayed at 875 g/ha, 42 and 63 days after the assumed date of sowing in two separate treatments. Soil samples were collected periodically from different depths of the soil profiles. Dissipation by 92-97% of the total endosulfan occurred in the first four-weeks. The parent compounds were metabolized to endosulfan-diol and endosulfan sulfate. Endosulfan-diol remained confined in the upper 5-cm layer and dissipated completely in 28 days; whereas endosulfan sulfate confined in the upper 0-10 cm of the soil profile. The β – isomers also did not leach down beyond 10 cm depth.
Kennedy,I.R.,F.Sanchez-Bayo, S.W.Kimber,L.Hugo & N.Ahmad. 2001. Off-site Movement of Endosulfan from irrigated cotton in New South Wales. J.Environ.Qual. 30:683-696 (2001).

The parent endosulfan (alpha and beta isomers in the ratio of approx. 2 to 1) degraded in soil with a half life in the range of 25–40 days at a temperature of 22°C according to the lab study of Gildemeister and Jordan (1984). In the field, however, the degradation half life was shortened to 7–21 days under southern European summer conditions (Hardy, 2001 and Balluff, 2001). However, at colder autumn and winter temperatures, the half life was increased to 75–93 days (Hacker, 1989 and Mester, 1990). It appears that the alpha isomer degrades slightly faster (with a half life of 6–11 days) than the beta isomer (with a half life of 19–36 days) in the field (Czarnecki and Mayasich, 1992). The main metabolite endosulfan sulfate degraded in soil with a half life of 117–138 days at 20°C in the laboratory (Schnoeder, 2002). In the field, a degradation half life was in the range of 75 to 161 days under southern European summer conditions (Hardy, 2001 and Balluff, 2001).

i) Gildemeister, H. and Jordan, J. 1984. Aerobic Soil Metabolism of the Insecticide Hoe 002671 (Endosulfan) unpublished report (B) 176/84 of Hoechst AG, Analytisches Laboratorium A29680 Gildemeister, H. 1985. Hoe 002671-14-C, Aerobic Aquatic Metabolism with the Insecticide Endosulfan unpublished report (B) 106/85 of Hoechst AG, Analytisches Laboratorium A31182

(Document Source- ENDOSULFAN (032). First draft prepared by Mr Bernard Declerq, Epinay sur Orge, France. EXPLANATION. Endosulfan is a synthetic cyclodiene non-systemic ...
www.fao.org/ag/AGP/AGPP/Pesticid/JMPR/Download/2006_eva/Endosulfan%202006%20Evaluation.pdf 
ii) Hardy, I. 2001. Endosulfan : Field Dissipation Study in Spain unpublished report26644 of Aventis CropScience UK Ltd. C015651

(Document Source- ENDOSULFAN (032). First draft prepared by Mr Bernard Declerq, Epinay sur Orge, France. EXPLANATION. Endosulfan is a synthetic cyclodiene non-systemic ...
www.fao.org/ag/AGP/AGPP/Pesticid/JMPR/Download/2006_eva/Endosulfan%202006%20Evaluation.pdf  )

iii) Balluff, M. 2001. Field Soil Dissipation of AE F002671 (Endosulfan) Following a Single Application to Bare (preemergence) Cotton Plots at 1 Location in Greece, 2000 Arbeitsgemeinschaft GAB Biotechnologie GmbH and IFU Umweltanalytik GmbH unpublished report20003033/GR1-FS C018180

(Document Source ENDOSULFAN (032). First draft prepared by Mr Bernard Declerq, Epinay sur Orge, France. EXPLANATION. Endosulfan is a synthetic cyclodiene non-systemic ...
www.fao.org/ag/AGP/AGPP/Pesticid/JMPR/Download/2006_eva/Endosulfan%202006%20Evaluation.pdf-)

iv) Hacker, L. A. 1989. Endosulfan (Thiodan 3EC), Field Dissipation Study of Terrestrial Uses on Tomatoes in Georgia/USA unpublished report of Landis Associates, Inc. GA, USA A42193.

(Document Source- ENDOSULFAN (032). First draft prepared by Mr Bernard Declerq, Epinay sur Orge, France. EXPLANATION. Endosulfan is a synthetic cyclodiene non-systemic ...
www.fao.org/ag/AGP/AGPP/Pesticid/JMPR/Download/2006_eva/Endosulfan%202006%20Evaluation.pdf )

v) Mester, T. C. 1990. Final Report Endosulfan (LX165-03), Terrestrial/Runoff Study on Cotton in California with Furrow Irrigation unpublished report Hoechst AG, Analytisches Laboratorium and Landis International GA USA A42997.

(Document Source- ENDOSULFAN (032). First draft prepared by Mr Bernard Declerq, Epinay sur Orge, France. EXPLANATION. Endosulfan is a synthetic cyclodiene non-systemic ...
www.fao.org/ag/AGP/AGPP/Pesticid/JMPR/Download/2006_eva/Endosulfan%202006%20Evaluation.pdf )

vi) Czarnecki, J. J. and Mayasich, J. M. 1992. Terrestrial Field Dissipation of Endosulfan Applied to Cropped and Bare ground Plots in California published report Report of Bio/dynamics, Inc. NJ. and Research for Hire, CA, USA A51819.

(Document Source- ENDOSULFAN (032). First draft prepared by Mr Bernard Declerq, Epinay sur Orge, France. EXPLANATION. Endosulfan is a synthetic cyclodiene non-systemic ...
www.fao.org/ag/AGP/AGPP/Pesticid/JMPR/Download/2006_eva/Endosulfan%202006%20Evaluation.pdf )

vii) Schnoeder, F. [14C]AE F051327: Soil Metabolism and Degradation unpublished report 1651-1490-019 of Covance Laboratories GmbH C019647.

Schnoeder, F. Amendment to the Final Report [14C]AE F051327: Soil Metabolism and Degradation unpublished report 1651-1490-019 of Covance Laboratories GmbH C020629

(Source- ENDOSULFAN (032). First draft prepared by Mr Bernard Declerq, Epinay sur Orge, France. EXPLANATION. Endosulfan is a synthetic cyclodiene non-systemic ...
www.fao.org/ag/AGP/AGPP/Pesticid/JMPR/Download/2006_eva/Endosulfan%202006%20Evaluation.pdf)

Endosulfan was applied at recommended doses as post crop emergence in cotton fields & soil was sampled at regular intervals after each treatment. Insecticide residues detected in the soil were in small quantities i.e. 7.29ng/g soil & 3.9ng/g soil after 45 & 60 days of treatment respectively & at ND level after 75 days after treatment. Endosulfan did not persist for a long time.

 Komal Vig , Dileep K.Singh, H,C Agarwal, A.K.Dhawan, Prem Durega-Dept of Zoology, University of Delhi).

Persistence in water

In water, hydrolysis is the main degradation route of endosulfan and it is extremely dependent on pH. Half – lives of 10-19 days and <1 day were observed under neutral and alkaline conditions, respectively.
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Through Hydrolysis in water Endosulfan produces Diol with half lives of mixture being 28, 5.7 &  0.7 d at pH 5, 7 & 9 respectively.

Southan, S; I.R.Kennedy (1995)- Dissipation of the pesticide endosulfan from cotton field runoff water using an improved apparatus for the simulation of field conditions. E022-1-5. In proc, 4th RACI Environ. Chem. Conf., Darwin, Australia. 9-14 July 1995. RACI. Sydney, Australia.

Degradation in water/sediment systems

Two studies on the behaviour of radiolabelled endosulfan in water-sediment systems were submitted.In the first study, endosulfan was incubated in two natural water-sediment systems at a pH of 7.3 and 7.8 at 22 ± 2°C for 51 days (Gildemeister, 1985 and addendum Stumpf, 1990). Endosulfan rapidly disappeared from the water body by adsorption to the sediment and oxidation to endosulfan sulfate and hydrolysis to endosulfan diol. Finally endosulfan hydroxy carboxylic acid was formed.

In the second study, radiolabelled endosulfan was incubated at a pH range of 7.2–8.2 also in two natural water-sediment systems up to 120 days at 20 ± 2°C (Jonas, 2002). This study yielded similar results. A rapid disappearance from the water body was observed with the concomitant formation of the above mentioned metabolites. This was followed by formation of a moderate portion of residues which were non-extractable from the sediment (8.7–19.0% of the applied radioactivity

(AR) after 120 days of incubation) and partial mineralization (1.5% of AR).

i) Gildemeister, H. 1985. Hoe 002671-14-C, Aerobic Aquatic Metabolism with the Insecticide Endosulfan unpublished report Report (B)106/85 of Hoechst AG, Analytisches Laboratorium A31182.

(Document Source- ENDOSULFAN (032). First draft prepared by Mr Bernard Declerq, Epinay sur Orge, France. EXPLANATION. Endosulfan is a synthetic cyclodiene non-systemic ...
www.fao.org/ag/AGP/AGPP/Pesticid/JMPR/Download/2006_eva/Endosulfan%202006%20Evaluation.pdf)

ii) Stumpf, K. Comments Regarding the Dutch Hazard Assessment of Endosulfan Concerning the Bioavailability in Water/Sediment Systems. unpublished report OE90/252 of Hoechst AG, Produktentwicklung GB-C, Oekologie A44231.

(Document Source- ENDOSULFAN (032). First draft prepared by Mr Bernard Declerq, Epinay sur Orge, France. EXPLANATION. Endosulfan is a synthetic cyclodiene non-systemic ...
www.fao.org/ag/AGP/AGPP/Pesticid/JMPR/Download/2006_eva/Endosulfan%202006%20Evaluation.pdf )

iii) Jonas, W. 2002. Degradation of [14C]Endosulfan in two Aerobic Water/Sediment Systems unpublished report NA 019404 of Natec Inst. C022921.

(Document Source- ENDOSULFAN (032). First draft prepared by Mr Bernard Declerq, Epinay sur Orge, France. EXPLANATION. Endosulfan is a synthetic cyclodiene non-systemic ...
www.fao.org/ag/AGP/AGPP/Pesticid/JMPR/Download/2006_eva/Endosulfan%202006%20Evaluation.pdf )

Rate of degradation in water and sediment

Different half lives could be derived for the disappearance of endosulfan and its metabolites from the water body and the total water-sediment system. The dissipation rates of the parent isomers can be directly derived from the basic water sediment reports (Gildemeister, 1983 and addendum Stumpf, 1990; Jonas, 2002). For degradation rates of the metabolites, a kinetic modelling of the residue levels in water and sediment of the study of Jonas was conducted (Hammel, 2004).
The resulting dissipation (transfer to another compartment, i.e., adsorption of dissolved residues by the sediment) and degradation (disappearance by chemical/microbial transformation) rates are given in the table below.

Dissipation and degradation half-lives of endosulfan and its metabolites in water and sediment.

System

Temp (oC)

pH

Dissipation: DT50 (α + β endosulfan) from the water body

Degradation: DT50 (α + β endosulfan) in the total system

Report

α + β endosulfan

River Main Gravel pit

22 2

22 2

7.3

7.8

< 1 day

< 1 day

12 days

10 days

Gildemeister, (1983)

A31182 and Stumpf,

(1990), A44231

Krempe (stream in a marsh area) Ohlau (stream surrounded by pastures)

202

7.5– 8.2

7.2–8.2

0.7 days

1.6 days

3.3 days

15.8 days

Jonas (2002), C022921

In a surface-water system, endosulfan disappeared very rapidly from the water body by partition to the sediment with a dissipation half life of < 1 to 1.6 days. The microbial degradation in the total water-sediment system occurred at a moderate rate, the half life dependant on the evaluation method used. Assuming single first order degradation kinetics, the degradation half life was in the range 3.3–15.8 days. Using a more complex partition and degradation model (ACSL) the degradationhalf life determined was 38 days for the combined parent isomers.

i) Gildemeister, H. and Jordan, J. 1984. Aerobic Soil Metabolism of the Insecticide Hoe 002671 (Endosulfan) unpublished report (B) 176/84 of Hoechst AG, Analytisches Laboratorium A29680 Gildemeister, H. 1985. Hoe 002671-14-C, Aerobic Aquatic Metabolism with the Insecticide Endosulfan unpublished report (B) 106/85 of Hoechst AG, Analytisches Laboratorium A31182

(Document Source- ENDOSULFAN (032). First draft prepared by Mr Bernard Declerq, Epinay sur Orge, France. EXPLANATION. Endosulfan is a synthetic cyclodiene non-systemic ...
www.fao.org/ag/AGP/AGPP/Pesticid/JMPR/Download/2006_eva/Endosulfan%202006%20Evaluation.pdf )

ii) Jonas, W. 2002. Degradation of [14C]Endosulfan in two Aerobic Water/Sediment Systems unpublished report NA 019404 of Natec Inst. C022921

(Document Source- ENDOSULFAN (032). First draft prepared by Mr Bernard Declerq, Epinay sur Orge, France. EXPLANATION. Endosulfan is a synthetic cyclodiene non-systemic ...
www.fao.org/ag/AGP/AGPP/Pesticid/JMPR/Download/2006_eva/Endosulfan%202006%20Evaluation.pdf)

iii) Stumpf, K. Comments Regarding the Dutch Hazard Assessment of Endosulfan Concerning the Bioavailability in Water/Sediment Systems. unpublished report OE90/252 of Hoechst AG, Produktentwicklung GB-C, Oekologie A44231

(Document Source- ENDOSULFAN (032). First draft prepared by Mr Bernard Declerq, Epinay sur Orge, France. EXPLANATION. Endosulfan is a synthetic cyclodiene non-systemic ...
www.fao.org/ag/AGP/AGPP/Pesticid/JMPR/Download/2006_eva/Endosulfan%202006%20Evaluation.pdf)

iv) Hammel, K. 2004. Kinetic Evaluation of the Dissipation of Endosulfan and its Metabolites Endosulfan Sulfate, Endosulfan Diol, Endosulfan Hydroxy Carboxylic Acid in Aerobic Water-Sediment Test Systems unpublished report MEF-318/03of Bayer CropScience C042131

(Document Source- ENDOSULFAN (032). First draft prepared by Mr Bernard Declerq, Epinay sur Orge, France. EXPLANATION. Endosulfan is a synthetic cyclodiene non-systemic ...
www.fao.org/ag/AGP/AGPP/Pesticid/JMPR/Download/2006_eva/Endosulfan%202006%20Evaluation.pdf )

Endosulfan in aqueous solutions is also expected to undergo biodegradation. In laboratory tests at pH 7 and 20 C, Pseudomonas bacteria degraded endosulfan (isomers not specified) under aerobic conditions with a half-life of about 1 week .

Greve PA, Wit SL. 1971. Endosulfan in the Rhine River. J Water Pollut Control Fed 43:2338-2348.

Biotic and abiotic transformations of endosulfan in seawater/sediment microcosms have been reported (Cotham and Bidleman 1989). In biotic tests, halflives for the α- and β-isomers in seawater-only microcosms (pH 8) were about 5 and 2 days, respectively. In seawater-only microcosms under sterile conditions at a pH of 8 or higher, the half-life for the α-isomer was 2–3 days, whereas the half-life for the β-isomer was 1–2 days.

Cotham WE Jr, Bidleman TF. 1989. Degradation of malathion, endosulfan, and fenvalerate in seawater and seawater/sediment in microcosms. J Agric Food Chem 37:824-828.

(Document Source- ATSDR)

Persistence in air

In air, endosulfan is stable to photolysis, but photo oxidation to endosulfan sulphate occurs; half-lives of endosulfan exposed to photochemical reaction with hydroxyl radicals under European and USA scenarios are reported to be 2 and 1.3 days, respectively.
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	How are chemical/physical properties and persistence linked to environmental transport, transfer within and between environmental compartments, degradation and transformation to other chemicals?
	

	Bio-concentration or bio-accumulation factor, based on measured values (unless monitoring data are judged to meet this need)
	Log Kow values for Endosulfan are below the trigger value (​> 5) of the Screening criteria.
The BCF for endosulfan is less than 5000, and with a log Kow of α = 4.74; β= 4.79 (both at pH 5). Endosulfan - Octanol/ Water partition coefficient as log Kow are reported as 3.55- 3.62 (IPCS/CEC, 1999).

IPCS/CEC (1999) International Chemical Safety Cards: 0742 Endosulfan (Mixed Isomers).

Steady elimination of endosulfan residue was observed during the period of maintenance of fish in clean water. In oysters and bivalves BCF value as low as < 100 are reported.

Rajendran N and Venugopalan VK (1991) Bioconcentration of endosulfan in different body tissues of estuarine organisms under sublethal exposure. Bull. Environ Contam Toxicol 46(1), 151-158. 

(Document Source-Pesticide Research Journal- Society of Science India)

Maximum bioconcentration factors (BCFs) are usually less than 3,000, and residues are eliminated within 2 weeks of transfer to clean water (NRCC 1975).

NRCC. 1975. Endosulfan: Its effects on environmental quality. Ottawa, Ontario: National Research Council Canada, Environmental Secretariat. Publication no. NRCC 14098. 

(Document Source- ATSDR)
 A maximum BCF of 600 was reported for α-endosulfan in mussel tissue (Ernst 1977). In a similar study, endosulfan, isomers not specified, had a measured BCF of 22.5 in mussel tissue (Roberts 1972). Tissue concentrations of α-endosulfan fell rapidly upon transfer of the organisms to fresh seawater; for example, a depuration halflife of 34 hours (Ernst 1977). 

i) Ernst W. 1977. Determination of the bioconcentration potential of marine organism- A steady state approach. I. Bioconcentration data for seven chlorinated pesticides in mussels(mytilus edulis) and their relation to solubility data. Chemosphere 11:731-740.

ii) ROBERTS, D.  (1972)  The assimilation and chronic effects of sub-lethal concentrations of endosulfan on condition and spawning in the common mussel  (Mytilus edulis). Mar. Biol.,16: 118-125. (Document Source- IPCS Endosulfan-40, 1984)
Endosulfan’s elimination or clearance is very rapid (CT50 = 2 days), so the real risk of bioaccumulation and bio-magnification is negligible. The principal route of elimination is faeces; most of the radioactivity is excreted within the first 48 hrs. Residue of endosulfan accumulates in the kidneys rather than the fat. Elimination from the kidneys takes place with DT50 7 d, but there is no sign of accumulation in the kidneys even after long term feeding. Endosulfan is metabolized rapidly in mammalian organisms to less toxic metabolites & to polar conjugates.

Pesticide manual 13th Edition.

Studies in natural environments (microcosm, farm ponds) demonstrated bioaccumulation values (BAF) for total endosulfan of 100 to 1,500 

i) Cornaby, B.W., Maciorowski, A.F., Griffith, M.G. (1989). Endosulfan - Fate and effects on quatic ecosystems adjacent to agricultural fields planted with tomatoes (pond study) – assessment; Battelle Institute, N0954-5700, Doc.# A41298, 2260 p. 

ii) Pennington, P.L., DeLorenzo, M.E., Lawton, J.C., Strozier, E.D., Fulton, M.H., and G.I. Scott (2004). Modular Estuarine Mesocosm Validation: Ecotoxicological Assessment of direct effects with a model compound endosulfan. J. Exp. Mar. Biol. Ecol. 298: 369-387. 

(Document Source-Environmental Fate & Ecological Risk Assessment of endosulfan-EPA-2007) 

iii) Schanne, C. (2002). (14C)-alpha, beta-endosulfan (AE F002671) formulated as emulsifiable concentrate (352 g/L endosulfan): Outdoor aquatic microcosm study of the environmental fate and ecological effects. Springborn Laboratories (Europe), Aventis CropScience, Doc. No. C019969. 
After oral or intravenous administration of 14 C-endosulfan to male and female Wistar rats at a dose of 2 & 0.5 mg/kg bw, elimination was essentially complete within the first 1-2 days 

Kellner, H.M. & Eckert  (1983) Hoe 02671-14C. Pharmacokinetics and   residue determinations after oral and intravenous administration to  rats. Unpublished study No. tep 74/1; bereich c/analytisches project oe 87/45; Hoechst report 01-l42-0382-83, 15 February 1983; document  No. A49475, translation of document A27971. Submitted to WHO by    Hoechst Schering AgrEvo GmbH, Frankfurt-am-Main, Germany.

Stumf, K. & Lehr, W. (1993) Amendment to document A49584. Unpublished

    Hoechst document A49584, 2 February 1993. Submitted to WHO by Hoechst

    Schering AgrEvo GmbH, Frankfurt-am-Main, Germany. 

The distribution of endosulfan (technical grade) was investigated by Indranignsih et al., (1993) in lactating goats following repeated oral administration. Twelve adult lactating feral goats (25 to 40 kg body weight), each with one kid, were dosed orally with 1 mg/kg of non-labelled endosulfan for a period of 28 days using gelatine capsules. The applied dose of 1 mg/kg body weight corresponded to 29 ppm in the diet. Feed and water were given ad libitum. Groups of 3 animals were sacrificed for tissue collection 1, 8, 15, and 21 days after the last treatment. Milk and venous blood samples were taken from each animal before being killed. The highest residues were detected in organs and tissues of goats, which were slaughtered 24 hours after the 28-day feeding with endosulfan.

The residues in all organs and tissues decreased significantly (< 0.01 mg/kg) until the next sampling point (day 8), however with one remarkable exemption: The residues in the excretion organs, the kidneys, increased from 0.29 (day 1) to 0.47 mg/kg (day 8) and decreased again to approximately 0.2 mg/kg (day 15 of the 28-day feeding). The residues in milk became undetectable after one week. At day 21 residues in all tissues were non detectable. The clearance of the residues is relatively rapid with half-lives in the range of 1−3 days.

Indranignsih, McSweeney C.S., Ladds P.W. 1993. Residues of endosulfan in the tissues of lactating goats. published report Australian Vet. Journal. Vol. 70. pages 59-72 A51447

(Document Source- 950.Endosulfan (JMPR Evaluations 1998 Part II Toxicology). 

Endosulfan is rapidly degraded into mainly water-soluble compounds and eliminated in mammals with very little absorption in the gastrointestinal tract. In rabbits, the beta-isomer is cleared from blood plasma more quickly than the alpha-isomer, with reported blood half-lives of approximately 6 hours and 10 days, respectively , which may account in part for the observed differences in toxicity. The metabolites are dependent on the mixture of isomers and the route of exposure. Most of the endosulfan seems to leave the body within a few days to a few weeks. 

Smith, A. G. Chlorinated Hydrocarbon Insecticides. In Handbook of Pesticide Toxicology. Hayes, W. J., Jr.and Laws, E. R., Jr., Eds. Academic Press Inc., New York, NY, 1991.6-3

Bioconcentration data were identified and reviewed for seven species of fish, including sheepshead minnow (Cyprinodon variegatus), zebra fish (Brachydanio rerio), yellow tetra (Hyphessobrycon bifasciatus), striped mullet (Mugil cephalus), pinfish (Lagodon rhomboids), long whiskers catfish (Mystus gulio), and spot (Leiostomus xanthurus). The reported BCF values for fish ranged from approximately 20 to 11,600 (L/kg wet wt.). With the exception of one species (yellow tetra), BCFs were less than 3,000 for the remaining six fish species.
An evaluation of the fish BCF data quality indicates most of the BCF values have significant limitations because none of the BCF studies satisfied all three screening criteria (documentation of steadystate conditions, measurement and stability of exposure concentrations, and quantification of parent and metabolite compounds). Based on these screening criteria, BCF values for fish from the highest quality studies appear to be in the 1000 to 3000

range (Hansen and Cripe, 1991 for sheepshead minnow and Schimmel et al., 1977 for striped mullet).
i) Hansen, D.J., and G.M. Cripe. 1991. Interlaboratory Comparison of the Early Life-Stage Toxicity Test Using Sheepshead Minnows (Cyprinodon variegatus). In: M.A.Mayes and M.G.Barron (Eds.), Aquatic Toxicology and Risk Assessment, Vol.14, ASTM STP 1124, Philadelphia, PA 14:354-375

(Document Source-Environmental Fate & Ecological Risk Assessment of endosulfan-EPA-2007)

ii) Schimmel SC, Patrick JM Jr, Wilson AJ Jr. 1977. Acute toxicity to and bioconcentration of endosulfan by estuarine animals. In: Mayer FL, Hamelink JL, eds. Aquatic toxicology and hazard evaluation, ASTM STP 634. Philadelphia, PA: American Society for Testing and Materials, 241-252. (Document Source- ATSDR)
The depuration of endosulfan and endosulfan sulfate by fish appears to be relatively rapid, with half lives ranging from 2-6 days for zebra fish, yellow tetra, and striped mullet (Toledo and Jonsson, 1992; Jonsson and Toledo, 1993; Schimmel et al., 1977).
i) Toledo MCF, Jonsson CM. 1992. Bioaccumulation and elimination of endosulfan in zebra fish (Brachydanio rerio). Pestic Sci 36:207-211.

(Document Source- ATSDR)
ii) Jonsson, C.M., and M.C.F. Toledo. 1993. Bioaccumulation and Elimination of Endosulfan in the Fish Yellow Tetra (Hyphessobrycon bifasciatus) Bull. Environ. Contam. Toxicol. 50(4):572-577.

(Document Source- ATSDR
iii) Schimmel SC, Patrick JM Jr, Wilson AJ Jr. 1977. Acute toxicity to and bioconcentration of endosulfan by estuarine animals. In: Mayer FL, Hamelink JL, eds. Aquatic toxicology and hazard evaluation, ASTM STP 634. Philadelphia, PA: American Society for Testing and Materials, 241-252.

(Document Source- ATSDR)
Naqvi and Vaishnavi (1993) reviewed bioaccumulation factors for aquatic animals. For different organisms the reported bioconcentration factors were between 10 and 600. 

Naqvi, S.M. and Vaishnavi, C. 1993. Bioaccumulative potential and toxicity of endosulfan insecticide to non-target animals. Comp Biochem Physiol 105C:347 – 361.

(Document Source-FESA Journal (2005) 234, 1-31)

In an ATSDR review (ATSDR, 2000) maximum bioconcentration factors in aquatic systems are usually less than 3,000 and residues are eliminated within 2 weeks after transfer of fish to endosulfan-free water. 

ATSDR (Agency for Toxic Substances and Disease Registry), 2000. Toxicological profile for endosulfan. Atlanta GA. USA.

The tests with 14C-labelled endosulfan revealed that fish are capable of forming water-soluble endosulfan metabolites in the liver. Analyses suggest that endosulfan diol is formed, which conjugated with glucuronic acid and is passed via bile to the faeces and excreted (Goebel et al., 1982).
Goebel, H., Gorbach, S., Knauf, W., Rimpau, R.H. and Hüttenbach, H. 1982. Properties, effects, residues, and analytics of the insecticide endosulfan. Res Rev 83:1-165.


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

	Endosulfan (one or both of its isomers) has been identified in air samples collected at only 4 of the 164 EPA National Priorities List (NPL) hazardous waste sites where it was detected in some environmental media (HazDat 2000).

i) HazDat 2000. Endosulfan. Agency for toxic substances and disease registry (ATSDR). Atlanta, GA. (Document Source- ATSDR) 

ii) WHO. 1984. Endosulfan. International Programme on Chemical Safety. Environmental Health

Criteria 40. Geneva, Switzerland: World Health Organization, 1-62.

The World Health Organization (WHO) reported that although endosulfan has been detected in agricultural runoff and in surface waters draining industrialized areas, contamination of surface waters with this compound does not appear to be widespread (WHO1984). EPA (1982c) stated that endosulfan concentrations in surface water are generally <1 ppb.

i) WHO. 1984. Endosulfan. International Programme on Chemical Safety. Environmental Health

Criteria 40. Geneva, Switzerland: World Health Organization, 1-62.

ii) EPA. 1982. Aquatic fate process data for organic priority pollutants. Final report. Washington, DC:

U.S. Environmental Protection Agency. EPA-440/4-81-014. (Document Source- ATSDR)

The environmental impact of several decades of use of Organochlorine compounds in Africa for multifarious purposes has been manifest in the contamination of different aquatic compartments. The pattern of pesticides residues found in environmental samples based on the available data bears direct relationship to pesticides used in the continent. Pesticide contamination related to different aquatic compartment in all the African countries were investigated. Water samples were collected from Inland waters & Coastal waters of North Africa, South Africa & West & Central Africa. Among all samples collected from those areas, Endosulfan concentration was below detectable level 

Review of Pollution in African Aquatic Environment (Report No-22) on the ninth Steering Committee Meeting, Gaborone, Botswana. FAO Corporation Documentary Repository. 

http://www.fao.org/docrep/008/v3640e/V3640E06.htm

In India reports on occurrence and distribution of Endosulfan is very rare. A systematic survey was carried out in nine revers and streams of Kumaun Himalayas & levels of Endosulfan in water & fish samples were examined. No Endosulfan residues were detected in fish samples collected from snowfed & rainfed rivers of Kumaun Himalayas & Endosulfan was detected only in one water sample collected from a Gomti river which is a rainfed stream (U.K.Sarkar et al, 2002). 

Sarkar U.K.  Basheer V.S. , Singh A.K., Srivastave S.M. (2003)- National Bureau of Genetic Resources, UP, Bull. Environ. Contam. Toxicol.




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

	General
	Volatilization, vapor transportation and runoff transportation are the main processes for endosulfan entering to and moving in atmosphere. Though volatilization from soil solution and free water surface also contribute to atmospheric endosulfan concentrations and activities, but at much lower rates 5 to 13 folds lower from soil compared to plants (Rudel, 1997).

Ruedel,H.1977. Volatalization of Pesticides from Soil & Plant surfaces. Chemosphere 35 (1997) pp. 143-152.

(Document source-Endosulfan Risk Characterization Document, California Environmental Protection Agency, 2007)

 Waterborne transport could only occur after rainfall. Subsurface leaching is of negligible magnitude for endosulfan regional transport. Dust transport can carry all three forms of α- isomer; β- isomer & endosulfan sulfate, but lower in magnitude. Therefore, dust transportation is not a major route of movement for endosulfan regional transport. Both the endosulfan metabolites, endosulfan sulfate & endosulfan diol are susceptible to photolysis(WHO, 1988)
WHO. 1988. A copanion volume to Environmental Health Criteria 40: Endosulfan. Published by the WHO for the INTERNATIONAL PROGRAMME ON CHEMICAL SAFETY. Health & safety Guide No. 17. Geneva, Switzerland.  



	As a result of long‑range environmental transport
	In the EU proposal, the LRTP field study data  was found very old. Most of the Long-Range Transport Data given in the EU proposal were based on analytical methods using GC-ECD which are known for interferences with other OC compounds. The reliable GC-MS method has been introduced recently for these data generation.

Based on all the data reviewed from published LRTP studies indicate that Endosulfan b only appears at trace levels (< 10 pg/l) with no sign of increase over time or location. In addition, no time series data were given for remote areas for endosulfan during usage of endosulfan in EU Countries before and after its recent ban. Only sporadic data have been quoted. It is also to be noted that high degree of analytical uncertainty in the monitoring data has been observed.

Analytical Uncertainties

 More recent assessments that analyzed the significance of temporal and spatial exposure levels of endosulfan in various media and remote locations, confirm a high degree of uncertainty regarding the interpretation and quality of the data (10 to 20-fold difference between the mostly used GC/ECD method compared to the more accurate GC/MS method, and very limited number of biotic samples). Therefore, the validity of the published monitoring data at very low trace levels (ppq) needs further independent analytical verification and more comprehensive evaluation (Kelly 2006).

Kelly, B.C. (2006). Bioaccumulation Potential of Organic Contaminants in an Arctic Marine Food Web. Simon Fraser University. 439 p.

There is no consistent reporting of a steady increase of concentration versus time at one location. Tentative results of limited biotic sampling show concentrations in lipids at pg g-1 to ng g-1 levels, in water at the pg to the low ng L-1 levels, and in air at pg m-3 to ng m-3 levels (Mackay and Arnold 2005). There are no residue findings, which show repeated contamination of the annual fresh snow layer in the Arctic over several years, or an endosulfan concentration increase in the soil of higher cold altitudes. It is very uncertain that long-range transport of endosulfan occurs at relevant levels and to a significant extent. 

Mackay, N., Arnold, D. (2005). Evaluation and interpretation of environmental data of endosulfan in arctic regions, Cambridge Environmental Assessments, Report No. CEA.107

Air monitoring

Based on endosulfan’s vapour pressure (<1,000 Pa; 1.9 x 10-3 Pa for alpha, and 9.2 x 10-5 Pa for beta-endosulfan), and using the current version of the relevant calculation model, AOPWIN(, half-life values of less than 2 days have been calculated (Buerkle 2003). 

i) AMAP (2004): AMAP Assessment 2002: Persistent Organic Pollutants in the Arctic. Arctic Monitoring and Assessment Program Assessment (AMAP), Oslo, Norway, XVI. 310p. http://www.amap.no/assess/AP2002POPs.pdf  

ii) Buerkle, L.W. (2003). Endosulfan - Evaluation of estimation and experimental methods on determination of the half-life in the atmosphere, Bayer CropScience, Metabolism/Environmental Fate, Report No. C029156; MRID 46029902
  New data indicate that there is no spatial or temporal increase of endosulfan residues in the Arctic environment (Hung et al. 2005; Li and Macdonald 2005). The reports do not point to a potential increase of exposure. Even if the reported values are considered for real, the values are far below values that would be expected to produce any ecological or human health effects. 

i) Hung, H.,  P. Blanchard, C.J. Halsall, T.F.  Bidleman, Stern G., Fellin P., Muir D.C.G., Barrie L.A. Jantunen L.M., Helm P.A., Ma J., Konoplev A. (2005). Temporal and spatial variabilities of atmospheric polychlorinated biphenyls (PCBs), organochlorine (OC) pesticides and polycyclic aromatic hydrocarbons (PAHs) in the Canadian Artctic: results from a decade of monitoring. Science of the Total Environment 342 (2005), 119 - 144 

ii) Li, Y.F., Macdonald, R.W. (2005). Sources and pathways of selected organochlorine pesticides to the Arctic and the effect of pathway divergence on HCH trends in biota: a review. Science of the Total Environment 342 (2005), p. 87 – 106

Water monitoring

In  Western Canada, endosulfan was found (0.011 µg/litre) in one out of 1400 surface water samples, indicating that water contamination by this insecticide was not widespread (Gummer, 1980). 

GUMMER, W.D.  (1980)  Pesticide monitoring in the prairies of Western Canada. In: Afghan, B.K. & McKay, D., ed.  Hydrocarbons  and halogenated hydrocarbons in the aquatic environment, New York, London, Plenum Press.

(Document Source- IPCS Endosulfan EHC-40, 1984)

	Information regarding bio-availability
	As per EU proposal in screening document, Endosulfan is a very toxic chemical for nearly all kind of organisms & causes potential health hazard, is  incorrect. Endosulfan is considered as a “soft insecticide “ by many entomologists as it shows very low toxicity to many beneficial insects.

Ecotoxicological risk

Studies on the effect of insecticides against coccinellid beetles indicated that endosulfan was relatively safe to coccinellid beetles- the main predator on aphids

Indumathi N, Savithri (2006)-Toxic effects of insecticides on predatory coccinellid beetles in the mango ecosystem. Indian Journal of Entomology, 68 (2) 187-189.

By topical application & oral feeding methods, endosulfan was found to be least toxic to honey bees

Prakash R & Kumaraswami T (1984)-Toxicity of some insecticides of the Indian Bees. Indian Bee Journal 46: 15-17.

Insecticides like endosulfan, azinphos-methyl & malathion were sprayed on oil seed rape in full flower to assess their relative toxicities to forging honeybees. Endosulfan was very much safer to honeybees than the two other insecticides.

Needham P.H & Stevenson J.H (1973)-The toxicity to forging honeybees,Apis mellifera of endosulfan, malathion and azinphos- methyl applied to flowering oil seed rape, Brassica napus. Ann. Appl.Biol, 75, 235-240.

Endosulfan is considered as moderate or low toxicity for honey bees. Stevenson et al. (1978) reported a contact LD50 of 7.1 ug/bee and an oral LD50 of 6.9 ug/bee for endosulfan. Endosulfan has never been implicated in episodes of poisoning of bees investigated in Great Britain (Stevenson et al., 1978). 

Stevenson, J.H., Needham, P.H., & Walker, J.  (1978) Poisoning of honeybees by pesticides: investigations of the changing pattern in Britain over 20 years.  Rep. Rothamsted  Exp. Stn, 2: 55-72.  (Document Source- IPCS Endosulfan EHC-40, 1984)

 Hudson et al. (1972) examined the effects of age of mallard ducks on their sensitivity to endosulfan. The acute oral LD50 for ducks at 36 h, 7 days, 30 days, and 6 months of age were 27.8, 6.47, 7.89, and 34.4 mg/kg bw respectively. Field studies on birds in the Okavango delta of Botswana related to endosulfan sprays for tsetse fly control failed to show any change in bird numbers or species diversity (Douthwaite 1982)

i) HUDSON, R.H., TUCKER, R.K., & HAEGELE, M.A.  (1972)  Effect of age on sensitivity: acute oral toxicity of 14 pesticides to mallard ducks of several ages.  Toxicol. appl. Pharmacol., 22:556-561.

ii) DOUTHWAITE, R.J.  (1982)  Changes in pied kingfisher  (Ceryle  rudis) feeding related to endosulfan pollution from tsetse fly control operations in the Okavango Delta, Botswana.  J. appl.  Ecol., 19: 133-142.

Human dietary risk

Study on dietary intake of pesticides in vegetarian diet in Haryana in 1999-2000 as a part of programme under All India Co-ordinated Research Project on Pesticide Residues, it was found that Endosulfan residue in all the diet samples was much lower than the ADI value.

Madan VK & Kathpal TS: Dietary Intake of Pesticides in Vegetarian Diet in Haryana. Intern conf: Pesticide Environment, Food Security Society of Pesticide science India (2004). 

No endosulfan residues have been reported in market basket surveys from other countries & there are no reports of the daily human intake of endosulfan exceeding the FAO/WHO ADI of 0.006 mg/kg bw/d. In general, endosulfan residues in food are well below the tolerance levels established for various food types by the FAO/WHO 

WHO (World Health Organisation), 1984. Endosulfan. Environmental Health Criteria 40. International Programme on Chemical Safety. World Health Organization, Geneva, Switzerland.

Conclusion: The purpose of Annex E evaluation is to evaluate whether a chemical is likely as a result of its long range transport, to lead to significant adverse human health and /or environmental effects. The scientific data provide above clearly demonstrates that Endosulfan does not meet Annex E requirements. WHO review in 2000 observed “ Endosulfan does not appear to be problem with reference to persistence. It is not readily bio accumulated… There has been large scale field experience without any long term adverse effects on environment”. Indian Chemical Council (ICC) strongly supports this observation and suggests that the EU’s proposal be set aside in view of all facts shown above.
ICC would also like to place on record the fact that the process adopted by POPRC-4for upholding EU proposal (regarding Endosulfan) as valid under Article 8 of the Convention is procedurally incorrect and wrong.. It’s not in conformity with the text of Stockholm Convention and Rules of Procedure approved and adopted by COP. 

ICC is of the firm opinion that the EU’s proposal fails to meet Annex D criteria. ICC will shortly submit/circulate a white paper on this.



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

	


	(g) Status of the chemical under international conventions
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