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

(i) Production data:

Quantity: 

1. Cumulative global usage on crops was estimated in 2005 to be 338,000 tonnes.

2. India has a reported production capacity of 9,900 tonnes
 and exported 4,103.92 tonnes in 2007-08 to 31 countries.
 Hindustan Insecticides Ltd, owned by the Government of India produces 1,600 tonnes annually.

3. Germany produces 4,000 tonnes per year.

4. China produces 2,400 tonnes per year.

5. Israel produces an unspecified quantity of endosulfan.

6. South Korea exports technical endosulfan.

Location:

7. India - Hindustan Insecticides in Kerala;
 Coromandel Fertilisers in Mumbai;
 Excel Crop Care (in association with Australia’s Nufarm) in Bhavnagar, Gujarat.

8. Germany - Bayer CropScience at Frankfurt.

9. China - 3 manufacturers of technical endosulfan in Jiangsu province.

10. Israel - Makhteshim Chemical Works Ltd, Beer-Sheva, Israel.
 

(ii) Uses

11. Use of Endosulfan has been declining globally. It is now banned in at least 57 countries
 with former uses replaced by less hazardous products and methods. The Environmental Risk Management Authority of New Zealand (ERMANZ) said in its final decision to revoke registration of Endosulfan that “There is evidence that endosulfan use in New Zealand has been declining over the past 10 years. This has been market driven as well as resulting from the availability of some new insecticide chemistry.” … “The Committee notes that there are alternative products available for most of the current uses for endosulfan in New Zealand.” 

(iii) Releases

Discharges

12. Endosulfan is discharged directly to the environment when it is used deliberately on crops and other uses. That discharge is estimated to have been 338,000 tonnes by 2005 (based on cumulative global usage as estimated by Li & Macdonald 2005
), and is estimated to be more than 16,000 tonnes per annum based on reported production figures (see Production Data, Quantity). 
13. High residue levels of Endosulfan reported for the Vellar River (206-2035 ng/l) and Kolleru Lake (2396 ng/l) in India are stated to be “primarily the result of the close proximity of a pesticide manufacturing facility”, indicating discharge from the facility into the environment.
 
Losses
14. Studies of Endosulfan application to cotton fields in Australia showed that about 70% of Endosulfan is lost from the cotton field through volatilisation, with only 8.5% remaining on the field one month after spraying; 2% is carried away in run-off, 1% remains in the soil, and the remainder is degraded by plants or microorganisms). Hence approximately 73% of Endosulfan applied, at least in hot/tropical environments, leaves the site of application and is transported in the wider environment.

Emissions
Other

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

15. Absorption through the gastrointestinal tract is very rapid and efficient with >90% absorbed in rats. Absorption through the skin is also rapid, with 73-89% in male rats at 24 hours and 20-46% in female rats at 168 hours.
 
16. In humans, Endosulfan is absorbed across the skin, through the gastrointestinal tract, and through inhalation.

17. Ingested Endosulfan is subject to significant first pass metabolism by the liver and biliary excretion. It is therefore expected to be more toxic by inhalation than oral exposure, and indeed, the limited number of inhalation toxicology studies that have been conducted found lower NOAELs than oral studies that evaluated similar endpoints.

18. Endosulfan is metabolised in animals by microsomal enzymes to Endosulfan sulphate, Endosulfan diol, Endosulfan ether, Endosulfan hydroxyether, and Endosulfan lactone.

19. It is excreted in urine and faeces, as well as being distributed to adipose, liver, kidney, heart, spleen, testes, epididymis, prostate, seminal vesicle, milk and muscle, with greater accumulation in adipose tissue of females than males.
 

20. In humans it is commonly found distributed to breast milk, adipose tissue, placental tissue, umbilical cord blood and follicular fluid.
 For more details refer section: Monitoring.

21. Residues have also been found in the liver, kidney and brain of humans.
 

22. Residues in people not occupationally exposed are thought to result from intake of food chain residues.
 
 A positive correlation has been found between intake of vegetables containing residues of Endosulfan and the presence of Endosulfan-lactone in breast milk.

Mode of action in mammals

23. Endosulfan has an affinity with the GABA (gamma-aminobutyric acid) receptors in the brain and acts as a non-competitive GABA antagonist. Binding of GABA to its receptors induces the uptake of chloride ions by neurons and blockage of this uptake by Endosulfan results in a state of uncontrolled excitation.

24. In vitro assays indicate that Endosulfan can form DNA-adducts, and inhibit hepatocyte gap junction intercellular communication.
 

25. In vitro assays also show that Endosulfan has an oestrogenic 
 and an anti-progestogenic action. 

Acute effects

26. Endosulfan is of high acute toxicity in experimental animal studies with an acute oral LD50 rat of 10-22.7 mg/kg in females, and 48-160 mg/kg in males.
 

27. It is even more toxic by inhalation, with LC50​ values of 0.0126 mg/L (2.1 mg/kg) in females and 0.0345 mg/L (5.8 mg/kg) in males.

28. In rats, Endosulfan is acutely toxic in small oral doses of 3.0 mg/kg, causing stilted gait, straddled hind-limbs, irregular respirations, panting and decreased motor activity. This study resulted in a NOAEL of 1.5 mg/kg/day, which the US EPA selected as the critical endpoint for evaluation of dietary risk for Endosulfan.
 It is even more toxic to pregnant rabbits causing hyperactivity after a single oral 1.8 mg/kg dose. The NOAEL for this study was 0.7 mg/kg/day, which the US state of California selected as the critical endpoint for evaluation of dietary risk in its assessment of Endosulfan.

29. Acute toxicity effects observed in animal studies include hyperexcitability, tremors, convulsions, seizures, irregular respiration, altered heart rate, brain oedema, salivation, dilated pupils, poor muscle tone, head swaying, vomiting, diarrhoea, emphysema, cyanosis, respiratory paralysis, haemorrhage of heart muscle, lung and kidney; death.
 

30. Acute effects reported in humans as a consequence of occupational inhalation exposure are primarily neurotoxic and include malaise, nausea, vomiting, dizziness, confusion, and/or weakness, and convulsions.

31. Endosulfan is very toxic to some amphibian species. A recent study (Relyea 2008) found that leopard frog tadpoles (Rana pipines) exposed to 6.4 ppb aqueous Endosulfan experienced 84% mortality. A combination of 5 insecticides including Endosulfan was even more toxic, causing 99% mortality. In contrast grey tree frog tadpoles (Hyla versicolor) were unaffected by exposure to this level of Endosulfan alone or in combination with other insecticides, and survival to metamorphosis was statistically identical to controls. Relyea also cites unpublished work finding LC50s as low as 1 ppb for undisclosed tadpole species, a study finding that Litoria Citropa tadpoles exposed to 0.8 ppb experienced 11​–34% mortality, and other studies reporting significant mortality in salamander and tadpole species exposed to Endosulfan in the range of tens to hundreds of ppb.

32. Endosulfan is highly toxic to bees, with an acute oral toxicity LD50 of 2 μg ai/bee, and an acute contact toxicity LD50 of 0.82 μg ai/bee (both based on formulated product).
 Sublethal effects of Endosulfan on bees include reduced olfactory learning.

33. Endosulfan is toxic to a wide range of beneficial insects. It significantly reduced the emergence and the parasitism of the parasitic wasp Trichogramma pretiosum,
 which kills the eggs of various moth pests such as heliothis, corn borer, cabbage moth, loopers, and yellow peach moth. It is toxic to Orius insidiosus (Minute pirate bug / insidious flower bug), which predates thrips, mites, aphids and small caterpillars; and to the parasitic wasp Aphidius colemani, which parasitizes aphids
—both important in glasshouse IPM programmes. Orius insidiosus also predates Helicoverpa zea, cotton bollworm, as does Geocoris punctipes. Endosulfan is toxic to both of these predators, but more so to females of the latter species, and it reduces fecundity and consumption of bollworm eggs by both predators.
 It is also toxic to the predacious mite Phytoseiulus persimilis, which predates upon spider mites and is very important in IPM programmes. Endosulfan reduces the number of females laying eggs and the number of eggs that hatch.
 Endosulfan is highly toxic to the eggs and larvae of Chrysoperla externa, a lacewing that predates mites and is a valuable biological control species.
 It also reduces prey consumption and web building of the spider Araneus pratensis, an important predator of agricultural pests such as midges, and an indicator of ecosystem disturbance (Benamú et al. 2007).
 

34. Endosulfan significantly reduced the development of the ‘entomopathogenic’ fungus, Verticillium lecanii (Zimm.)—a fungus used in some IPM programmes to kill insect pests such as aphids, thrips and whitefly.

35. Endosulfan treatment of cotton fields in India resulted in a 60.5% decrease in the population of the beneficial bacteria actinomycetes 10 days after treatment.
 Actinomycetes play a vital role in replenishing the supply of nutrients in the soil: they help with the decomposition of organic matter and the formation of humus, particularly by breaking down cellulose and chitin; and help non-leguminous plants fix nitrogen. Endosulfan is also toxic to the major groups of beneficial small soil invertebrates, mites and springtails, causing a persistent decline in populations. These invertebrates are key to maintaining soil fertility and mixing the organic and mineral components of soil.

36. Coral organisms are highly sensitive to Endosulfan at around detection limits, with effects noted including bleaching, reduced larval set, metamorphosis and photosynthetic efficiency. Contamination of coral reefs with run-off from agricultural areas could have a profound effect—even at levels at the limits of detection—on the replenishment of populations of coral organisms, and hence survival of the reefs.

Systemic effects

37. The primary systemic targets are the liver and kidney, but Endosulfan also causes haematological and respiratory effects as a result of generalised effects on the central nervous system. Observed effects on rats include inflammation of lungs; congestion and degeneration of kidney tubules, renal necrosis, and renal haemorrhage; congestion and necrosis of the liver; blood in small intestines; decreased haemoglobin and red blood cell count in protein deficient rats; calcification of heart and coronary and mesenteric arteries, aneurisms, cardiotoxicity through oedema and swelling of myocardial cells, heart and circulatory failure; reduced body weight gain, reduced appetite; and hyperglycaemia more marked in older animals.

38. “At a concentration of 0.001 pg/ml (1 ppb) Endosulfan was found to damage human red cell membranes as demonstrated by fluorescence of 30-50% of red cells on staining with MC-540. This was supported by the finding of crenation and threading of red blood cells under SEM. At a concentration of 1 pg/ml (1 ppm) the cells were markedly damaged.” … “This is accompanied with increased permeability of these membranes as shown by estimation of plasma haemoglobin in supernatants after incubation with Endosulfan”.

Neurological and behavioural effects

39. Occupational inhalation of Endosulfan, in an Israeli chemical factory, led to long-term brain damage with psychiatric manifestations. The man suffered long-term cognitive and emotional deterioration, severe memory impairment, and inability to perform small tasks, with impaired visual-motor coordination. The acute phase included malaise, repeated convulsions and impaired consciousness, and after recovery from these the person became disoriented and agitated.

40. An agricultural pilot exposed to Endosulfan showed persistent “nonspecific epileptic foci in the cerebral frontal lobes”.

41. From 1992–2005, Endosulfan was identified as a potential contributor to 58 cases of pesticide related illness in the state of California, USA. Almost all cases involved either pesticide applicators or farmworkers exposed occupationally. Skin irritation and rashes were the most common symptoms (43 cases), though systemic effects and signs of neurotoxicity (nausea, numbness, headache, etc.) were also sometimes noted (15 cases), as were respiratory effects (15 cases).
 Elsewhere in the US, two cases are noteworthy. In one case, a mixer spilled Endosulfan onto his clothes and did not wash or change his clothing. He may also have been exposed to acephate and maleic hydrazide. The second was similar, but involved only Endosulfan. The first case was fatal; the second resulted in “permanent neurological impairment”.

42. A case-control study, by the National Institute of Occupational Health (NIOH), of 619 school children in the Kasargod District of Kerala, India, that had been chronically exposed to Endosulfan through spraying of neighbouring cashew nut plantations, found a “significantly higher prevalence of neurobehavioural disorders” in the study group compared with the control group of 416 children. The finding included significantly higher “scholastic backwardness” and reduced IQ, and a higher prevalence of arrogant and aggressive behaviour and restlessness. The authors concluded that “in the study groups the children are having a number of functional abnormalities of the nervous system which though not severe enough to prevent them from attending school, may interfere with their optimal intellectual development and total personality”. There was also a non-statistically significant increase in prevalence of epilepsy in girls.

43. An epidemiological study in California (USA), by Roberts et al. (2007), linked maternal non-occupational exposure to Endosulfan and dicofol to autism in children amongst women living within 500m of its application during the first trimester of pregnancy, suggesting exposure by inhalation of drift. The rate of autism was 6 times higher than expected.
 

44. Endosulfan caused behavioural effects in rats, including aggression and increased time to learn tasks, even after exposure had ceased; and impaired learning and memory processes, extreme sensitivity to noise and light, and muscle spasms.

45. Developmental exposure to Endosulfan may increase the risk of Parkinson’s disease through its effects on neurotransmitters and amino acids in the brain. It changes the brain levels of the neurotransmitters dopamine, noradrenalin and serotonin.
 Mice exposed to endosulfan from postnatal days 5 to 19 exhibited only insignificant changes in dopamine, acetylcholinesterase and alpha-synuclein levels; however when re-exposed as adults they showed significantly depleted dopamine, increased levels of alpha-synuclein and increased acetylcholinesterase activity in the brain.
 Endosulfan, at low concentrations (10 nmol/l to 10 umol/l) also inhibits proteasome activity and degradation of alpha-synuclein.
 The loss of dopamine and the accumulation of alpha-synuclein are both associated with Parkinson’s disease.

46. Cabaleiro et al. (2008)
 recently reported a developmental neurotoxicity (DNT) study in which Endosulfan was administered to pregnant Sprague-Dawley rats at 0, 0.61, and 6.12 mg Endosulfan/kg/day orally via gavage from the beginning of gestation until weaning. Changes in neurochemistry in pups were noted at doses that were not maternally toxic. At the highest dose tested (HDT), the body weight of dams was statistically significantly depressed at the end of gestation. Adverse effects were not noted in dams at the lowest dose tested (LDT), but were observed in their offspring. Male offspring were sacrificed at post-natal days (PND) 15, 30, and 60, and biogenic amine and amino acid levels in the prefrontal cortex were determined. At the LDT, aspartate, glutamate, and serotonin levels differed statistically significantly from controls at PND 30; GABA levels differed significantly at PND 60; the ratio of homovanilic acid to dopamine differed significantly at PND 15; the ratio of 3,4-dihydroxyphenylacetic acid to dopamine differed significantly at PND 15 and 60; and taurine levels differed significantly at PND 15 and 30. At the HDT, aspartate and glutamate levels differed significantly from controls at PND 15 and 30; glutamine levels differed significantly at PND 15; taurine levels differed significantly at PND 15, 30, and 60; the ratio of 3,4-dihydroxyphenylacetic acid to dopamine differed significantly at PND 15 and 60; serotonin levels differed significantly at PND 30 and 60; and the ratio of 5-hydroxyindole acetic acid to serotonin differed significantly at PND 60. Pup weight gain was statistically significantly decreased at PND 21 at the LDT (and at PND 15, 21, and 30 at the HDT).

47. Gilmore (2006)
 reported a developmental neurotoxicity (DNT) study to the US EPA in support of continued Endosulfan registration in the US. In this study, Endosulfan was administered to dams beginning on the 6th day of pregnancy and continuing until weaning (post-natal day 21). This study did not find signs of DNT in pups or of neurotoxicity in dams, even at the highest dose tested, 29.8 mg/kg/day. However other adverse effects were noted, including decreased weight gain (pups and dams) and delayed preputial separation (pups). Interpretation of this study’s results has been difficult, and there is disagreement among experts about what the No Observable Adverse Effects Levels (NOAEL) are. The authors identified 3.74 mg/kg/day as the NOAEL for both dams and pups based on effects observed at the next highest dose. For dams these effects were “Statistically significant decreases in body weight, weight gain and food consumption during gestation and statistically significant decreases in body weight during lactation”; and for pups “Statistically significant decreases in pre- (both sexes) and post-weaning (males only) body weight and similar decreases in body weight gain, a delay in balanopreputial separation and significant decrease in PND 21 terminal body weight (perfused females)”. Reviewers at the US EPA disagreed with the authors’ conclusions about the pup NOAEL, finding that pup weights were also reduced at 3.74 mg/kg/day. US EPA therefore considers 3.74 mg/kg/day to be the Lowest Observable Adverse Effects Level (LOAEL) for pups, and estimates the pup NOAEL to be 1.75 mg/kg/day by applying a 3-fold uncertainty factor to the LOAEL.
 In contrast, the California Department of Pesticide Regulation (USA) considers 3.74 mg/kg/day to be the LOAEL for both dams and pups.
 The usefulness of this study is further undermined by the fact that dosing did not begin until the sixth day of gestation. In humans, early pregnancy is a critical period for neural development, and Roberts et al. (2007; see above) found that Endosulfan exposure during the first trimester was correlated with increased autism incidence. Since dosing in the Gilmore study did not begin until about 1/3 through gestation, this window of increased susceptibility was missed. Finally, LD50 values for Endosulfan in females range from 10-22.7 mg/kg,
 and convulsions have been observed in female Wistar rats fed a single 3.0 mg/kg dose.
 In contrast, in the Gilmore study, which was also carried out in Wistar rats, no convulsions or other signs of neurotoxicity were observed, even in females fed doses as high as 29.8 mg/kg/day for 5 weeks. The large discrepancy between the results of this study vis-à-vis others casts doubts on its integrity.

Reproductive and developmental effects

48. The NIOH case-control study of 619 school children in the Kasargod District of Kerala, India, that had been chronically exposed to Endosulfan through spraying of neighbouring cashew nut plantations, found a “significantly higher prevalence of congenital malformations in female subjects and abnormalities related to the male reproductive system” in the study group compared with the control group of 416 children. “The prominent abnormalities were congenital heart diseases and skeletal abnormalities.” … “The abnormalities of testes like Cryptorchidism and hydrocele were reported exclusively amongst the study subjects.” The study found statistically significant lower sexual maturity rating scores for males for pubic hair, penis and testes, and higher physiological goitre occurring at onset of puberty. It also found significantly higher prevalence of subnormal or delayed mental development.
 

49. Pregnant rats were exposed to Endosulfan (1 or 2 mg/kg/day) from day 12 of gestation through parturition. Exposure to Endosulfan during foetal gonadal differentiation altered the process of spermatogenesis by affecting testicular lactate dehydrogenase and sorbitol dehydrogenase. Reduction in spermatid count in testis and sperm count in cauda epididymis was observed. Testis, epididymis and seminal vesicle showed significant decrease in weights in both the treated groups while no effect on prostate weight was recorded. “Hence it can be suggested that endosulfan interferes in the process of spermatogenesis”. The overall toxicity was dose dependent. The dose levels were not maternally toxic, and no mortality, clinical or behavioural effects were observed.

50. In a study of 21 women attending an in vitro fertilisation programme in Canada, a correlation was found between levels of Endosulfan in serum and lack of fertilisation. The mean level of endosulfan in serum from women who became pregnant was 160 pg/ml, whilst that of women who did not achieve fertilisation was 810 pg/ml.

51. Dose levels of 4 mg/kg/day completely inhibited implantation in female mice, as well as significantly decreasing dioestrus and increasing oestrus.

52. Endosulfan at concentrations ranging from 0.5 to 10 uM disrupted the human retinoid signalling pathway in reporter cell lines, and Lemaire et al. (2005) proposed this as the explanation for observed teratogenic effects in humans as a result of long-term exposure.

53. Endosulfan, at a dose level of 1 mg/kg body weight administered to pregnant rats by oral intubation, “caused significant teratogenic effects in the developing fetuses. There was no maternal mortality, however, reduced maternal weight gain and number of live fetuses and increased fetal resorptions were recorded. The fetal body weights and crown to rump lengths were significantly decreased and the per cent gross, visceral and skeletal anomalies were significantly increased in the fetuses of dams of all the treated groups. The internal hydrocephalus, cerebellar hypoplasia, microphthalmia, contracted and notched kidneys, multilobulated liver, dilated renal pelvis, incomplete ossification of skull bones, rib anomalies and sacral and caudal vertebrae agenesis were the important fetal malformations.” 

54. Dalsenter et al. (1999)
 treated pregnant Wistar rats from gestation day 15 through day 21 of lactation with endosulfan at 0, 1.5, and 3 mg/kg/day and examined male offspring for reproductive effects. Age of testis descent and preputial separation were not affected at either dose, but at both doses sperm production was reduced and histology revealed abnormalities at puberty (day 65). At the highest dose only, sperm production was still reduced at day 140. In a follow-up study (Dalsenter 2003),
 female Wistar rats were treated at 0, 0.5, and 1.5 mg/kg/day from 21 days prior to mating through lactation. Age of testis descent and preputial separation in male offspring were evaluated along with a number of other reproductive endpoints including sex organ weights, sperm parameters, and testosterone levels. The authors reported that “with the exception of a significant increase in the relative epididymis weight seen in the group treated with the lowest dose, we have not found any statistically significant adverse effect in the reproductive endpoints investigated at adulthood.” However, the authors assessed statistical significance only at the P < 0.01 level, rather than the more common P < 0.05 level. We observe that the age of preputial separation increased with dose, and this increase does appear to reach statistical significance at the P < 0.05 level for the 1.5 mg/kg/day dose group.

55. Reproductive endpoints were also evaluated in the Gilmore (2006)
 DNT study discussed above. Despite its shortcomings noted above, the study did find that preputial separation was delayed at 10.8 and 29.8 mg/kg/day. Sperm parameters were not affected, but the California Office of Environmental Health Hazard Assessment (USA) has noted since treatment was stopped at weaning and did not continue through puberty, this study cannot be used to rule out the possibility of adverse effects on male reproduction from endosulfan exposure.

Immune effects

56. The ATSDR derived a NOAEL of 0.45 mg/kg/day for immunological effects of Endosulfan, on the basis of a dietary study
 in which male Wistar rats received technical-grade Endosulfan at dietary levels of 0, 5, 10, or 20 ppm, equivalent to 0, 0.45, 0.9, and 1.8 mg/kg/day, and were immunized with tetanus toxin. Rats in the 10 ppm dose group had significantly decreased serum IgG levels at weeks 12, 18, and 22. These rats also had significantly decreased antibody titer to tetanus toxin at weeks 8, 12, 18, and 22. Leukocyte and macrophage migration were also inhibited at weeks 8, 12, 18, and 22. The magnitude of the differences between the 10 ppm rats and the controls increased at each later time point. These rats also had an increased albumin-to-globulin ratio at week 22. Rats in the 20 ppm dose group exhibited similar changes, but to a greater degree. In addition, at weeks 2, 18, and 22, these rats showed an increased albumin-to-globulin ratio, and at 22 weeks, these rats showed a decrease in relative spleen weight. The NOAEL value of 0.45 mg/kg/day was calculated from the 5 ppm group.

57. “Endosulfan can induce apoptosis in a human T-cell leukemic cell line which may have direct relevance to loss of T cells and thymocytes in vivo.” … “Endosulfan lowered cell viability and inhibited cell growth in a dose- and time-dependent manner. DAPI staining was used to enumerate apoptotic cells and we observed that endosulfan at 10–200 AM induced a significant percentage of cells to undergo apoptotic cell death. At 48 h, more than 90% cells were apoptotic with 50 μM of endosulfan.” 

58. Endosulfan was immunosuppressive and immunotoxic in sheep leukocytes. At a concentration of 10-1 M it caused significant suppression of the metabolic activity of phagocytic cells and decreased spontaneous migration of leukocytes, and at 10-3 M it significantly decreased lymphocytic activation.

59. In broiler chicks, Endosulfan at 2 ppm (dietary) significantly reduced total leucocytes, T-lymphocytes, B-lymphocytes, macrophages, and caused atrophy and haemorrhage of the thymus gland.

60. At concentrations of 10-11 to 10-8 M, Endosulfan caused rapid, dose-related release of β–hexosaminidase (a marker for the granules that contain preformed allergic mediators) from human mast cells, and enhanced IgE-mediated release.

Genotoxicity and mutagenicity

61. The ATSDR concluded “In summary, genotoxicity studies of endosulfan have provided evidence that this compound is mutagenic and clastogenic, and that it induces effects on cell cycle kinetics in two different mammalian species.” 

62. Both OEHHA
 and the Scientific Review Panel for California’s Toxic Air Contaminants Program (USA)
 concluded in 2008 that Endosulfan is likely to be genotoxic.

63. Endosulfan and its metabolites (diol, ether, hydroxyether, lactone and sulphate) were genotoxic in Chinese hamster ovary cells and human lymphocytes using the comet assay and mutagenic in Salmonella using the Ames test. There were statistically significant concentration dependent (0.25-10 uM) increases in DNA damage in both the ovary cells and the lymphocytes. It was mutagenic in some strains of Salmonella at concentrations of 1-20 ug/plate.

64. Endosulfan caused significant DNA damage as determined by increases in tail length in the comet assay, in human lymphocytes in vitro, at concentrations from 0.7 to 1 mg/ml.

65. Endosulfan was genotoxic in human HepG2 cells. DNA strand breaks were significantly induced by alpha-Endosulfan at concentrations from 2×10-4 M to 1×10-3 M, and by beta-Endosulfan at 1×10-3 M, as detected by the single-cell gel electrophoresis assay.

66. Endosulfan was genotoxic in the fresh water teleost fish Mystus vittatus at nonlethal concentrations 1/10 of the LC50. Using the comet assay, it caused significant single-strand DNA breaks in gill, kidney and erythrocytes, in a concentration dependent manner at all concentrations (0.5, 1, 2, 4, and 8 ug/l).

67. Endosulfan caused significant dose-dependent increases in erythrocytic micronuclei and erythrocytic nuclear abnormalities in the blood of gilthead sea bream Sparus aurata L., using micronuclei assays, at concentrations 0.5 and 1 ug/l.

68. Endosulfan was genotoxic in embryos of the Pacific oyster, Crassostrea gigas, causing DNA strand breaks using the comet assay, in a dose-dependent manner that became statistically significant at the highest dose used, 150 nM.

69. Endosulfan was genotoxic in the root tip cells of the wetland macrophyte Bidens laevis L (bur marigold, beggars tick) at environmentally relevant concentrations. It interacted with the mitotic spindle at concentrations of 5 ug/l.

70. Endosulfan caused DNA strand breaks in a comet assay on microalgae Karenia mikimotoi at concentrations of 1 ug/l.

Cancer

71. Endosulfan, as the formulated product Thiodan, “induced malignant neoplasms at all sites in male and female [Osborne-Mendel] rats and in the endocrine organs of male rats. Rats of both sexes developed lymphosarcomas, and female rats had neoplasms of the reproductive system. Endosulfan is carcinogenic for the liver of female mice.” 

72. Alpha-Endosulfan and beta-Endosulfan “enhanced development of CGT-positive foci in rat liver indicating that it is a potential liver tumour promoter in a similar manner to structurally-related chlorinated cyclodienes”.
 

73. Endosulfan is described as a potential carcinogen as a result of its ability to inhibit apoptosis, the generation of reactive oxygen species resulting in oxidative stress, and increased DNA strand breaks.

74. Through its oestrogenic effects (see below) it has the potential to contribute to cancers of oestrogen-sensitive tissue such as breast tissue.

75. The Scientific Review Panel for California’s Toxic Air Contaminants Program (USA) concluded that although “[e]ndosulfan has not consistently induced tumors in rats and mice… due to its genotoxicity and tumor promoting ability, endosulfan has the potential to be carcinogenic with further studies required.” 

Endocrine effects

76. The NIOH study of the children in Kerala exposed to Endosulfan previously referred to found endocrine disruption had occurred. It found statistically significant higher prevalence of menstrual disorders particularly longer periods and irregular or excessive flow, as well as statistically significantly higher skin fold thickness in female pre-pubertal and pubertal children, and significantly lower skin fold thickness in males less than 10 years of age. The study found that the levels of luteinizing hormone, progesterone and oestradiol were higher in the exposed children and the levels of testosterone were lower, when comparing for sex and age.

77. An in vivo study on rats found Endosulfan modulated oestrogen-sensitive genes at the mRNA and protein levels. It caused statistically significant alterations in levels of hormone receptors and complement factor-3 mRNAs in the uteri of ovariectomized rats dosed on three consecutive days with 0.006 mg/kg/day Endosulfan, a non-uterotrophic dose, which mimicked the actions of estradiol. This dose level is 100 times smaller than the NOEL.

78. “Endosulfan significantly inhibited testicular androgen biosynthesis in adult rats, when fed at 7.5 and 10 mg/kg body weight dose levels, consecutively for 15 and 30 days. No appreciable alterations were apparent in body weights, testicular wet weights, and cytosolic and microsomal protein contents of testis in treated rats. Profound decrease in the levels of plasma gonadotrophins (FSH and LH) along with plasma testosterone and testicular testosterone were observed at both the doses of endosulfan, particularly after the longer exposure of 30 days. Activities of steroidogenic enzymes studied (3 beta- and 17 beta-hydroxysteroid dehydrogenases) were considerably lowered on longer exposure of endosulfan. A significant decrease in the contents/activities of microsomal cytochrome P-450 and related mixed function oxidases (MFOs) in testis of treated rats was also observed, along with a marked inhibition in the activity of cytosolic conjugation enzyme, glutathione-S-transferase at both doses studied. These biochemical changes were reversed when the endosulfan treatment was withdrawn.” However the testicular testosterone remained depressed.

79. Technical grade Endosulfan and the alpha and beta isomers were found to be oestrogenic at concentrations of 10-25 uM, causing proliferation of human breast cancer oestrogen sensitive MCF7 cells in an E-screen assay.
 

80. Alpha-Endosulfan (100 nM) caused concentration dependent oestrogen receptor mediated cell proliferation in BG-1 ovarian cells, as well as upregulation of the ERE-dependent progesterone receptors.

81. Endosulfan elicited rapid extracellular-regulated kinase activation in pituitary tumour cells, which leads to cell proliferation, in a manner similar to the other oestrogenic substances tested. It showed a bimodal response: it was active at 10-14 M and at 10-8 M, but not at 10-10 M concentrations.

82. Alpha-Endosulfan was anti-progestogenic in a recombinant yeast based in vitro bioassay, causing significant reduction in progesterone-induced transactivation at 1 uM concentration.

83. Endosulfan at 10 uM concentrations significantly induced aromatase activity in human choriocarcinoma JEG-3 cells after 24 hr exposure.

Interactions with other chemicals

84. Like the related organochlorine pesticides Lindane, Aldrin, Dieldrin, and Chlordane, Endosulfan is a GABA antagonist. Therefore, there exists the possibility of cumulative or additive effects resulting from co-exposure to Endosulfan and these pesticides. 

85. In rats, simultaneous exposure to Endosulfan and methyl parathion can cause “behavioral alternations” not observed when these pesticides are administered individually. Co-exposed rats performed worse on a water-maze and displayed impaired learning compared to singly-exposed and control animals. These effects were observed in the absence of signs of systemic toxicity.

86. It has been shown that chickens may be adversely affected by simultaneous exposure to arsenic and Endosulfan more than the exposure to either chemical in isolation.

87. Endosulfan and zineb in combination exhibited significantly higher toxicity to human cells than either by itself.

(c) Environmental fate (provide summary information and relevant references)
Chemical/physical properties

Persistence

88. The US State of California recently finalized its Risk Characterization Document (RCD) for endosulfan and concluded that: “Both α- and β-endosulfan can be oxidized to endosulfan sulfate via biotic metabolism. Endosulfan sulfate is of comparable toxicity as its parents and more persistent with half-life of 100-2148 days, two or more times longer than its parents. Estimated half-lives for α- and β-endosulfan in different soils and other environmental conditions ranged 19-124 and 42-265 days respectively, and those for the combined toxic residues (α- and β-endosulfan plus endosulfan sulfate) ranged from 9 months to 6 years. They all can, when in water, hydrolyze abiotically or biotically to endosulfan diol. Endosulfan diol is more hydrophilic and less toxic. Hydrolysis is favored in neutral to alkaline media. At 250C estimated half-lives of α- and β- endosulfan were 11 and 19 days at pH 7, and 4 and 6 days, respectively, at pH 9. However, at pH 5, they were more than 200 days for both α- and β-endosulfan.” 
 

89. US EPA’s revised Ecological Risk Assessment of Endosulfan from 2007 identifies 1336 days as the aerobic soil half-life for total Endosulfan (alpha + beta + sulfate).

90. Volatilized Endosulfan is not subject to photolysis or abiotic hydrolysis, and the atmospheric half-life of alpha-Endosulfan was estimated to be 1.4 years.

91. The overall persistence and long-range transport potential of the Endosulfan substance family are similar to those of acknowledged POPs, such as aldrin, DDT, and heptachlor. Results also show that the overall persistence and long-range transport potential of the entire substance family, i.e. including the transformation products, are significantly higher than those of the parent compounds alone.

92. The half-life of Endosulfan in water at pH 5, which is relevant in the Arctic, is >1 year at 220C, persistence increasing with decreasing temperature and therefore likely to be significantly more persistent at < 50C.
 MacDonald et al. (2000) note that rates of degradation of pesticides such as endosulfan satisfy the conditions to be called “persistent” because rates of degradation of these compounds in water decrease dramatically as temperature drops to the water temperatures observed in the Arctic.

How are chemical/physical properties and persistence linked to environmental transport, transfer within and between environmental compartments, degradation and transformation to other chemicals?

93. Studies of Endosulfan application to cotton fields in Australia showed that about 70% of Endosulfan is lost from the cotton field through volatilisation, with only 8.5% remaining on the field one month after spraying; 2% is carried away in run-off, 1% remains in the soil, and the remainder is degraded by plants or microorganisms). Hence approximately 73% of Endosulfan applied, at least in hot/tropical environments, leaves the site of application and is transported in the wider environment.

94. In a controlled laboratory setting with a constant airflow of 1 m/s at 21-22 oC and 50% relative humidity, 25-30% of Endosulfan applied to soil had volatilized and dissipated within 24 hours. Sixty-four percent dissipated from foliage under the same conditions. Endosulfan sulfate was found to be less volatile, and dissipation of Endosulfan from a water surface was slower than from soil or foliage.

95. Dissipation half-lives for alpha- and beta-Endosulfan were measured at 40 oC in a field study and found to be 12 and 36 hours, respectively. At 29 oC they were 24 and 60 h, respectively.

96. Endosulfan is subject to regional and long-range atmospheric transport and deposition in colder regions. Endosulfan was found in the air and soil in neotropical montane forests in Costa Rica, as a result of regional transport. Endosulfan was ubiquitous in the air across the country with very high concentrations at some lowland sites (e.g. 2.3 ng/m3), and lesser concentrations in the mountain air. However the reverse was true for residues in the soil with higher residue levels (e.g. 3.175 ng/kg) in the mountain soils. The authors of this study (Daly et al. 2007) explained a process whereby Endosulfan used in lowland agriculture is carried by easterly winds to the downwind mountains; forced atmospheric uplift causes the formation of orographic clouds and subsequent rainfall. The drop in temperature with elevation greatly increases the scavenging by the rain of Endosulfan from the air (only slightly scavenged at the higher temperatures in the lowlands), leading to greater deposition in rainfall and a build up of residues in the soil because of lower evaporation. The authors suggested that the high soil residues in the mountain forest may be a factor in the observed decline in amphibia in the mountains.

97. LeNoir (1999) observed Endosulfan transport from California’s San Joaquin Valley (USA) to the adjacent Sierra Nevada Mountains during the summer of 1996. One air sample per month (May-September) was collected from each of 3 sites. The western-most site was closest to the agricultural activity in the Valley and at elevation of 200 m. Mean alpha, beta, and sulfate concentrations were 2.3, 4.6, and 0.5 ng/m3, respectively. At the middle site, located at 533 m elevation and 18 km northeast of the first, mean concentrations were 1.09, 0.16, and 0.03 ng/m3. At the western-most site, elevation 1,920 and even further from agricultural activity, mean concentrations were 0.95, and 0.03 ng/m3, respectively. The two western sites were located within Sequoia National Park (USA). Surface water samples were also collected at several altitudes within the park. For samples collected at elevations from 118 to 2,042 m, alpha-Endosulfan concentrations ranged from 16.96–24.8 ng/m3, and beta from 87.35​–140.5 ng/m3. The two samples from above 3000 m had levels of 0.34 and 0.9 ng/m3 for alpha- and 1.0 and 0.41 ng/m3 for beta-Endosulfan. Temporally, peak Endosulfan concentrations in air and water “correlated roughly with peak application periods in the [San Joaquin Valley, USA] in summer”, and demonstrate that Endosulfan is transported from the warmer valley and deposited in the cooler, higher altitude Sierra Nevada Mountains (USA).

98. The US National Parks Service has concluded that “endosulfan contamination by air transport is actually occurring in ENP [Everglades National Park, Florida].” As evidence, the Service cites studies showing Endosulfan in rainwater in the region—levels are highest during the growing season, but it is present year-round—and studies finding Endosulfan in tissue of animals collected far from areas of Endosulfan use. They also note that in the Chesapeake Bay (on the US east coast), a study has found that “from the total annual endosulfan applied to a site, 14% of alpha endosulfan and 90% of beta endosulfan were deposited by rain back into the watershed”.

99. The Global Air Passive Sampling (GAPS) study carried out over 4 consecutive 3-month periods in 2005 found residues of alpha-Endosulfan in the air at every one of the more than 50 sites tested—from Alert in the Canadian Arctic through Europe, Africa, Asia and Central America, to Chile and Australia in the south (see Table 1)—including in a number of urban areas. The annual geometric mean concentration was higher for Endosulfan (82 pg.m-3) than any other persistent organic pollutant. “Exceptionally high concentrations (pg.m-3) of [sum] Endosulfan were observed at agricultural sites in Bahia Blanca, Argentina (~19,000) during period 1, Delhi, India during periods 3 (~11,000) and 4 (~4,000) and at a rural site in Accra, Ghana (~5,200) during period 2.” … “Endo1, the dominant congener, accounted for 82% of total, with 16% associated with endo2 and 2% associated with Endo SO4.” … “Concentrations range from less than 100 pg.m-3 at background sites to several thousand pg.m-3. The occurrence of endosulfan in remote and polar sites demonstrates its ability to travel long distances in the environment.”

Table 1: Residues found in GAPS study 

	Country
	Location
	Site type
	pg.m-3
	Sampling period

	Argentina
	Bahia Blanca
	Agricultural
	   18,739
	1

	India
	Delhi
	Agricultural
	   10,898
	2

	Korea
	Seoul
	Urban
	     5,407
	3

	Ghana
	Accra
	Rural
	     5,198
	2

	France
	Paris
	Urban
	     4,520
	2

	Brazil 
	Indaiatuba
	Background
	     2,822
	2

	Canary Islands
	Telde
	Background
	     2,441
	1

	Turkey
	Ismir
	Urban
	     1,823
	3

	Spain
	Barcelona
	Urban
	     1,738
	1

	Canada
	Whistler
	Background
	        129
	1

	Canada
	Alert
	Polar
	          63
	1

	USA
	Barrow
	Polar
	          55
	4

	Norway
	Ny-Alesund
	Polar
	          37
	1

	USA
	St Lawerence Is
	Polar
	            7
	3,4


100. An earlier pilot study carried out over 2002-2004 found higher levels at Whistler Mountain in Canada (321 pg.m-3). According to the study’s authors, “India is currently the world’s largest consumer of endosulfan which may partly explain the elevated concentrations at Whistler Mountain during period 4 when advective trans-Pacific flow was greater”.

101. A study by Tuduri et al. (2006) concluded that Endosulfan is “one of the most abundant and ubiquitous organochlorine pesticides in the North American atmosphere today.”
 

102. “Long-range atmospheric transportation was evidenced by widely distributed endosulfan in a pristine environment, the Arctic region, where endosulfan air concentrations ranged 4.2-4.7 pg/m3 during 1993-1997 (Patton, et al., 1989; Halsall, et al., 1998; Hung, et al., 2002). In the eastern Arctic, endosulfan concentrations in air were reported between 1–10 pg/m3 (De Wit, et al., 2002; Konoplev, et al., 2002).”

103. Residues of organochlorine pesticides were collected at the Canadian high Arctic site of Alert, Nunavut over a 5-year period 1992-1997. “Several compounds showed a general decline over the 5 years of study, including cis- and trans-chlordane and R- and γ-HCH. Endosulfan I, on the other hand, appeared to be increasing”.

104. “Endosulfan was found as a widely distributed currently-used pesticide in the polar atmosphere.” Endosulfan was first measured in Arctic air in 1986-87
 and with a general increasing trend measured over the long term from 1993-2005 at Alert in the Canadian Arctic.
 In a 2002 paper by Hung, concentrations of Endosulfan in air measured in the Canadian Arctic are exceeded only by HCH and HCB.
 “Arctic marine fog was sampled in the Bering and Chukchi Seas, and for the first time, several currently-used pesticides (chlorpyrifos, trifluralin, metolachlor, chlorothalanil, terbufos, and endosulfan) were detected at concentrations several times higher than in adjacent waters or ice.” 
 

105. According to the Canadian Arctic Contaminants Assessment Report: “Unlike most other organochlorine pesticides, concentrations of endosulfan in Arctic air have not declined over the last 7 years.”

106. In 2005 Braune et al. had also stated that “Chlorobenzenes and endosulfan were among the few OCs [organochlorines] to show increases during this period (1997-2005) while ∑HCH remained relatively constant in most species.”
 Researchers reported 0.4-8.8 pg/l alpha-Endosulfan and 0.1-7.8 beta-Endosulfan on the scientific expedition from the Chukchi Sea across the Polar Cap. Unlike other organochlorine contaminants, levels of the Endosulfans were higher in the Chukchi Sea than in the northern Canada Basin. Alpha-Endosulfan is routinely found in air at the Alert, Tagish, and Dunay monitoring stations, with annual means of 2-5 pg m3.
 

107. In 2008 Jantunen reported levels of alpha-Endosulfan as follows: Lake Superior, August 2005, air average 20+17 pg/m3 (range 4.8-53), water average 12+5 (range 6-20); North Shore of Labrador, Hudson Bay and Churchill Manitoba, August 2007, air average 3.4+1.2 pg/m3 (range 1.05-5); Canadian Archipelago, Summer 1999, air average 6.5+3.7 pg/m3 (range 1.4-12.5), water average 12+11 pg/L (range 2.2-19).
 

108. Endosulfan, like other POPs, has a marked tendency to deposit out of the air (cold condensation) in remote environments at high latitudes and at high elevations. This is caused by low temperatures and efficient scavenging from the atmosphere, by snow, of both particle-bound and gas-phase pesticides.
 

109. Evidence that Endosulfan arriving in the Arctic, Antarctic, and high mountains by long-range atmospheric transport then deposits out is provided by findings of residues of Endosulfan in the snow, ice, water, soil and biota of these regions—and these findings are summarised in Section (e) Exposure in local areas – as a result of long-range environmental transport. 

110. Endosulfan is more easily deposited onto water than it is onto ice, and it is expected that as the ice in the Arctic—presumably also the Antarctic—diminishes with increasing global temperatures, the deposition of Endosulfan in polar waters will increase and hence become more available to plants and animals in the marine food-web.

Bio-concentration or bio-accumulation factor, based on measured values (unless monitoring data are judged to meet this need)
111. Kelly & Gobas (2003)
 and Kelly et al. (2007)
 proposed that the biomagnification of Endosulfan (particularly the beta isomer) is greater in the terrestrial food chain than the marine food chain, because it has a high log Koa which is of greater importance than the Kow in air-breathing animals. A high Koa causes slow respiratory elimination.

· log Koa alpha-Endosulfan = 10.29

· log Koa beta-Endosulfan = 10.29

· log Koa Endosulfan sulphate = 5.18

112. Armitage & Gobas et al. (2008)
 concluded that chemicals with a log Kow between 1.75 and 12, and a log Koa > 5.25 have the potential to bioaccumulate in air-breathing organisms.

113. Kelly & Gobas (2003)
 established predicted biomagnification factors (BMFs) for beta-Endosulfan in male wolves at various ages, showing significantly higher biomagnification than found in the aquatic food chain even at 1.5 years, and increasing considerably with age—refer Table 2.

Table 2: BMFs for beta-Endosulfan in male wolves
	
	1.5 years
	2.25 years
	13.1 years

	BMF
	5.3
	17.9
	39.8


114. Kelly et al. (2007)
 summarised residues of Endosulfan found in the Arctic food web in Hudson’s Bay, 1999-2002, to illustrate bioaccumulation especially of beta-Endosulfan in beluga, a small arctic whale that feeds mainly on fish (units are ug/kg lipid equivalent, geometric means)—refer Table 3.

Table 3: Endosulfan residues in Arctic food web (ug/kg lipid equivalent, geometric means)

	species
	alpha-Endosulfan
	beta-Endosulfan
	Endosulfan sulphate

	lichen
	-
	0.03
	-

	sediment
	0.16
	0.33
	0.16

	cod (B. saida)
	-
	2.91
	-

	salmon
	0.41
	0.85
	0.18

	beluga (m)
	-
	12.56
	0.86

	beluga (f)
	-
	4.87
	0.58

	ringed seals (f)
	-
	3.02
	0.19

	ringed seals (m)
	0.30
	2.26
	0.32

	eider ducks
	2.32
	-
	-

	scotors
	-
	-
	0.87


115. Kelly et al. (2007) then showed that, although the less hydrophobic compounds (Kow <5) such as alpha-, beta-, and gamma-HCH (Kow = 103.8), tetrachlorobenzenes (Kow = 104.1) and Endosulfans (Kow = 103.7) did not biomagnify in the piscivorous food web, they have a high degree of biomagnification in the lichen-caribou-wolf food chain and in air breathing organisms of the marine mammalian food web.

Table 4: Beta-Endosulfan: biomagnification factors (BMF)
	species
	BMF

	reptile
	4.9

	amphibian
	11

	seabird
	10

	terrestrial herbivore
	2.5

	terrestrial carnivore
	28

	marine mammal
	22

	human
	23


116. Mackay & Arnold (2005) reported measured bioaccumulation factor (BAF) values for a number of Arctic species ranged from 3.4 x 103 to 2.6 x 107. It is postulated that low temperatures of the Arctic may increase bioaccumulation by reducing metabolism potential. The authors state (p 124) that “Such an influence could account for differences between bioconcentration profiles observed under laboratory conditions (BCF: 200-3700), typically measured at 20-250C, and ambient Arctic conditions”.

117. Mackay & Arnold (2005, p89) stated that “Although endosulfan is not expected to biomagnify because of its relatively short half-life in biota, there are apparent increases in α-endosulfan from prey to predator within each food web particularly from fish to seals.” They also noted, on p 29, “As with the southern Beaufort Sea food web, there is a significant increase in α-endosulfan concentration with trophic level (r2 = 0.44, p = 0.34).” The BMFs for ringed seal to cod were > 1 for all locations, except the White Sea, and as high as 22.7 for Barrow, Alaska. Overall mean BMFs for alpha-endosulfan were 10.2 for fish to marine mammals, and cross the threshold of concern, with a high degree of uncertainty.

118. Mackay & Arnold (2005)
 concluded that the trophic magnification factor for alpha-Endosulfan, if marine mammals are included in the food web, is >1 in the Southern Beaufort Sea and Amundsen Gulf food webs. This value is higher than for chlordane, lindane and similar to alpha-HCH and DDE. 

119. US EPA (2007d) calculated a BMF of 7 for male beluga and 3 for female beluga.
 

120. Menone et al. (2000)
 found residues of Endosulfan sulfate in the liver, gonads, fat and muscle of fish from a coastal lagoon in Argentina, at levels ranging up to 0.018 ug/kg of tissue. They calculated a BMF of 4.02, higher than that for DDT.

121. Lanfranchi et al. (2006) found Endosulfan biomagnified in striped weakfish also in Argentina, with higher concentrations of beta-Endosulfan in adult liver tissue than in juvenile liver tissue. The BMFs for adult males were 3.6 for beta-Endosulfan, 2.3 for alpha-Endosulfan and 0.9 for Endosulfan sulfate.

122. Bioconcentration of Endosulfan may be occurring in freshwater fish in Ghana: Endosulfan levels in fish (up to 0.42 ug/kg) were, on average, 10 times those found in water samples, although the mean level in the sediments was about 14 times the levels measured in fish.

123. Bioaccumulation has been found in plants: a BCF of 30.9 was found for Endosulfan sulfate in bulrushes from a lake in Argentina, which appear to have sequestered it from the sediment. This BCF was significantly higher than those for other POPs such as DDT (1.1), Chlordane (2.1), Dieldrin (2.1), and Heptachlor (3.8), with the exception of HCH (61.1).

124. An analysis of airborne pollutants in the western national parks of the USA, carried out from 2002 to 2007, found evidence of the bioaccumulation of Endosulfan in vegetation, the degree of accumulation increasing with forest productivity and proximity to sources of Endosulfan. The mean level of total Endosulfan in two-year-old needles of White Fir (7573 ug/kg lipid) was 3 times higher than the levels in one-year-old needles (2448 ug/kg). The degree of bioaccumulation varies between species with firs accumulating substantially higher concentrations than pines. The coniferous forests of the western United States and Alaska are estimated to be removing between 1,280 and 7,210 kg of Endosulfan from the air annually, amounting to about 2% of the USA’s annual usage. There was no estimation of how much other vegetation types might also be accumulating, but there were significantly higher levels of Endosulfan in some lichen species than in the conifers (nearly 6 times higher).

125. Leeks grown on an organic farm in Argentina, and not treated with Endosulfan, were found to contain residues of Endosulfan.
 Samples were taken at 15, 59, and 210 days of growth. The residues in the roots were believed to have bioaccumulated from the soil, with the highest bioaccumulation factor being for Endosulfan sulphate in the early stages of growth. Residues in the soil were thought to have resulted from atmospheric deposition and/or surface run-off from neighbouring farms. The Root Bioaccumulation Factors were calculated as pesticide concentration in plant dry mass divided by pesticide concentration in soil dry mass, as follows:

Table 5: Root Bioaccumulation Factors for leek

	
	15 days
	59 days
	210 days

	alpha-Endosulfan
	9.1
	0.9
	2.8

	beta-Endosulfan
	3.9
	1.2
	2.8

	Endosulfan sulfate
	20.1
	8.8
	11.6


These were calculated on the basis of the following residue levels:

Table 6: residues of endosulfan in leek (ng/g dry weight)

	
	soil
	rhizosphere
	rhizosphere
	root
	root
	root

	
	
	59 days
	210 days
	15 days
	59 days
	210 days

	alpha-Endosulfan
	0.08
	0.01
	0.04
	0.7
	0.1
	<DL

	beta-Endosulfan
	0.04
	0.2
	0.2
	1.4
	0.4
	1.0

	Endosulfan sulfate
	16.0
	7.1
	11.9
	321.9
	141.0
	185.4


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

Human breast milk

126. Alpha-Endosulfan was found in breastmilk fat of 80% of women sampled in rural Indonesia, with concentrations ranging from <0.01 to 0.02 mg/kg milk fat.

127. In a study of breast milk from healthy women in two areas of Southern Spain, one in an area of intensive agriculture, the other urban, 80% of urban and 61.1% of rural samples contained alpha-Endosulfan. The maximum level of 0.87 ng/ml alpha and 26.89 ng/ml beta was found in the rural women. The frequency of detection was lower for colostrum and it was mainly the beta isomer found – in 28.5% of urban samples and 25% of rural samples, with the maximum level of 24.8 ng/ml found in urban women.
 

128. In a study of 60 breast milk samples from 20 Egyptian governates, the mean level of alpha-Endosulfan was 4.84 ppb.

129. Residues of Endosulfan were found in 60% of pregnant women in a survey in Delhi, India, with maximum levels of 6.9 ug/ml in maternal blood and 5.9 ug/ml in cord blood, with the mean values (3.7 and 2.27) indicating a 60% transfer from mothers to newborns.

130. A mean level of 363 ug/l (range 0-763 ug/l) of Endosulfan in breast milk in Bhopal, India, in women who were not occupationally exposed to it, resulted in infants consuming 8.6 times more Endosulfan than the WHO Acceptable Daily Intake (ADI).

Human placenta, cord blood and follicular tissue

131. A study of Danish and Finish women found mean levels of Endosulfan of 7.41 ng/g lipid (Danish) and 7.3 ng/g (Finnish) in breast milk, and 2.28 ng/g (Danish) and 2.52 ng/g (Finnish) in placental tissue. “Despite a lower burden, transplacental exposure of the developing foetus may still be more critical with regard to physical development and cognitive functioning of the child than postnatal exposure via breast milk.”
 

132. A study of 130 women in Denmark found alpha-Endosulfan in 100% of samples of breast milk, with a maximum level of 22.66 ng/g lipid (mean 6.66-6.95 ng/g).

133. In a study of 72 pregnant women giving birth by caesarean section in southern Spain, alpha-Endosulfan was found in 61% of samples of maternal serum and cord blood. The levels found were: maternal adipose, alpha-Endosulfan (max 334.18 ng/g fat, mean 75.46 ng/g); maternal serum, beta-Endosulfan (max 201.57 ng/g, mean 76.38 ng/g); cord blood, beta-Endosulfan (max 299.48 ng/g, mean 66.05 ng/g).

134. A study of 32 urban pregnant women in Japan found Endosulfan (alpha + beta) in 90% of maternal serum and 70% of umbilical cord tissue but not in cord serum. The maximum levels found in maternal serum were 1,100 pg/g lipid (mean = 380 pg/g), and in umbilical cord tissue 9,400 pg/g lipid (mean = 2,090 pg/g).
 

135. In a study of 149 women in southern Spain, a range of Endosulfan isomers and metabolites were found in various human tissues. In breast milk Endosulfan ether was found in 100% of samples and at the highest level (57.58 ng/m). Alpha-Endosulfan, beta-Endosulfan and Endosulfan sulfate were all found in adipose tissue (max = 944.1 ng/g fat alpha), placental tissue (max = 150 ng/g beta), umbilical cord blood (max = 60.25 ng/ml alpha), and breast milk (max= 26.89 ng/ml beta). Mean residue levels were 6.11 ng/ml (alpha-Endosulfan + beta-Endosulfan) in umbilical cord blood, and 7.74 in placental tissue.

136. In a study of 21 females attending an in vitro fertilisation programme in Canada, Endosulfan sulfate was found in the follicular fluid of one subject.

Human adipose tissue

137. A study of 200 postmenopausal women in Southern Spain found Endosulfan in the serum of 96% of women and in adipose tissue of 78%. “Endosulfans I and II and their metabolites followed DDTs in the frequency of their presence in adipose tissue and serum samples but were found at lower concentrations. Among endosulfan metabolites, endosulfan-ether was the most predominant compound in both adipose tissue (68%) and serum (86%) samples.” The maximum levels of total Endosulfan found were 417.59 ng/g lipid in adipose tissue (mean 21.37 ng/g), and 210.99 ng/ml in serum (mean 8.85 ng/ml).

Human blood

138. In a study of 220 young males in southern Spain, “residues of endosulfans were detected in all serum samples. Detectable concentrations of endosulfan I and II and metabolites endosulfan-diol, and -sulfate were found in the samples. Endosulfan-diol was the most frequently detected metabolite (92%) followed by alpha endosulfan (80%). Among endosulfans, endosulfan-diol showed the highest concentration (15.39+14.87 ng/mL).” The highest concentration of total Endosulfan was 145.55 ng/ml, the median was 18.66 ng/ml.

139. In a study of organochlorine pesticides in the serum of 160 students from Coimbra, Portugal over the period 1997-2001, Endosulfan sulfate, p,p’-DDE, o,p’-DDT, and p,p’-DDD were the most frequently identified residues (87.5%). “Endosulfan sulfate presented the highest mean level, 42.6 ug/l, with concentrations ranging from undetected to 1295.5 ug/l.”

140. In a study of cacao farmers in southwestern Nigeria, 29% had residues of Endosulfan in their serum, with a mean level of 0.033 mg/kg.

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

Air

Regionally transported

141. In Canada Endosulfan has been measured in the air in both agricultural areas and in so-called receptor sites demonstrating regional atmospheric transport, including in the Great Lakes Basin, the City of Toronto, the Fraser Valley in British Columbia, Prince Edward Island, Quebec, Ontario and Saskatchewan. 100% of air samples collected at 5 sites across Canada in the summer of 2003 contained Endosulfan, at high levels of 5.71 ng/m3 alpha-Endosulfan.

142. Alpha-Endosulfan was present in 100% of air samples taken on the campus of the University of Maryland beside the Choptank River, Chesapeake Bay over a 7-month period Apr-Nov, with a maximum concentration of 0.68 ng/m3. The Endosulfan was thought to come from sources outside the Choptank River watershed area.

143. Regional transport of Endosulfan has been identified in China and over the Yellow Sea. The beta isomer was found, at levels up to 0.025 ng/m3, in all 9 day- and night-time samples taken at the Ocean University of China, which is in an urban setting in Qingdao on the Yellow Sea coast.
 High concentrations of Endosulfan have also been reported in Guangzhou and Hong Kong and are thought to originate in agricultural areas of East China where it is used in cotton fields, and to have been carried from there by the winter monsoon. Levels of alpha-Endosulfan at a suburban site in Guangzhou were as high as 2.5 ng/m3 and in urban Hong Kong 0.84 ng/m3.
 The air around Lake Taihu contained residues of alpha-Endosulfan up to 0.888 ng/m3,
 with an estimated deposition rate of 25 ng/m2/day in summer
 indicating that it is rapidly moving out of the air and into the Lake. 
144. In Chile alpha-Endosulfan was found in a concentration gradient that decreased from 0.099 ng/m3 in the north to 0.035 ng/m3 in the south.

Transported to Mountains

145. Endosulfan has been found in the air around a number of mountains. Temperate mountains in particular experience effective upslope air movement which brings with it residues originating from regional applications, residue levels increasing with elevation.

146. It has been found as a ubiquitous air contaminant in the mountains of the Canadian Rockies and the California Sierra Nevada,
 and the USA’s western national parks.

147. It has also been measured in air in the European Central Pyrenees (0.006 ng/m3 alpha-) and the High Tatras (0.042 ng/m3 alpha-);
 and in mean concentrations of 27.6 pg/m3, higher than any other organochlorine pesticide, in the air in the Mt Everest region.

148. Concentrations of alpha-Endosulfan measured in the atmosphere of the Central Himalaya “were similar to those found in North American mountains. Concentration gradients with altitude displayed large differences between summer (May to October) and winter (November to April). In summer concentrations of all the chemicals increased with elevation up to a maximum at 5000 m a.s.l [above sea level] and then declined above that elevation. Winter time concentration of all chemicals declined with altitude, except for HCB which had similar elevational trends year-round. This indicates that during the summer monsoon lower tropospheric air contaminated with pesticides is being driven by thermal and mechanical forcing from the Indian subcontinent into the central Himalaya.”
 
149. Concentrations of 27.6 pg/m3 of alpha-Endosulfan were measured in the Rongbuk Valley, and 71.1 pg/m3 at Dingri, both in the Mt Everest region in 2002. Backward trajectory analysis was used to identify the origin of the endosulfan and other pesticides measured. “The trajectory for sample E [1 of 3 from Rongbuk Valley] started from an area to the west of Afghanistan and reached the Mt. Everest region driven by westerly winds. Compared to sample E, air masses associated with other samples had higher OCP [organochlorine pesticide] concentrations and traveled shorter distances, and many originated from areas close to OCP source regions, e.g., India and north Pakistan. Driven by the Asian monsoon, the air masses for samples A and B started at the Nepal–Indian border, initially moved westward, and then climbed Himalaya eastward to Dingri. Air masses for samples C, D, and F collected at Rongbuk Valley were driven mostly by westerly winds and passed through three different paths: India–Nepal, Afghanistan–Pakistan– India–Nepal, and western Tibetan plateau.”

Short-range drift and ambient air contamination

150. In a passive air sampling study at 18 locations in urban, rural and wetland sites along the coastal length of India, Endosulfan was “regularly detected”. Total Endosulfan ranged from 0.45 to 1122 pg/m3, with highest level at Porto Nova. “Except for South America (29-14600 pg/m3) the level is comparable to Europe (21-1760 pg/m3) and higher than the rest of the world. The range detected is also consistent with the GAPS study (40-1090 pg/m3).” 

151. Endosulfan was the most prevalent organochlorine pesticide measured in rural air in South Korea (max 12 ng/m3 alpha- + beta-),
 and in urban Seoul (alpha- + beta-: mean 329, max 1086 pg/m3; sulfate: mean 60.5, max 316 pg/m3).

152. Beta-Endosulfan (av 20, max 30 pg/m3) and Endosulfan sulfate (av 369, max 1271 pg/m3) were measured in air samples taken in Izmir, Turkey.

153. In France, endosulfan was measured in 79% of indoor air samples in the Paris area (median 0.3, max 13.5 ng/m3),
 and in 100% of air samples taken in urban Strasbourg during July (max alpha 102, and beta 85 pg/m3).

154. Ambient air concentrations of endosulfan were found in farming areas of Prince Edward Island in Canada, where it is used in potato cultivation. Alpha-Endosulfan was detected in the air at 48% of farms (mean 6.3, max 14.8 ng/m3) and beta-Endosulfan at 41% (mean 2.2, max 7.2 ng/m3).
 

155. Endosulfan was found in 66 out of 75 rural air samples taken in California (USA), on the roofs of community buildings such as schools in both rural and urban communities. The mean concentration in urban areas was 3.8 ng/m3, and in rural areas was 180 ng/m3.

156. In the United States, the California Department of Pesticide Regulation (CDPR) monitored the air adjacent to a 2.4 ha apple orchard treated with Endosulfan at 1.7 kg/ha. Monitoring stations were set up 6.4–16.5 m from the boundaries of the orchard, and monitoring began when the application began and continued for 3 days. For the first 24-hour period, time weighed average concentrations ranged from 75–1,630 ng/m3 (sum, alpha and beta), and for the entire 3-day sampling period, average concentrations were 37–952 ng/m3. CDPR also conducted an ambient air monitoring studying in 1996, setting up monitoring stations atop 5 buildings in Fresno County. Approximately 20 samples were collected from each site from late July through August, and average alpha and beta concentrations ranged from 2-54 ng/m3 and 6-8 ng/m3, respectively. About 6,400 kg of Endosulfan were reportedly used that August in the county, which has an area of 15,444 km2.
 

157. Pesticide Action Network North America (PANNA) has also conducted air monitoring studies in the vicinity of Endosulfan applications. In 2006 and 2007 PANNA placed an air monitoring station at a private home next to an elementary school in northern Florida, U.S. The station was 20 m from the edge of a Chinese cabbage field treated with Endosulfan. Eight samples were collected from December 6–14, 2006, and all contained alpha- and 7 contained beta-Endosulfan. The average and maximum total Endosulfan concentrations were 278 and 626 ng/m3, respectively.
 Thirty-nine samples were collected from October 1–December 6, 2007, and 87% contained alpha-Endosulfan, 69% contained beta-Endosulfan, 38% contained Endosulfan sulfate. The average and maximum total Endosulfan concentrations were 248 ng/m3 and 1,376 ng/m3.

Rainfall

158. For 20 years, between 1980 and 2000 Endosulfan was monitored in rainfall in Nova Scotia, New Brunswick and Newfoundland, on a monthly basis. The highest concentrations found were 2 ng/l alpha-Endosulfan at Jackson, Nova Scotia and Gros Morne, Newfoundland; and 10 ng/l beta-Endosulfan at Kejimkujik, Nova Scotia. Frequency of detection varied between 0 and 6.9% for the alpha isomer, and between 12.4 and 16.9% for the beta isomer.

159. Samples taken at seven US and Canadian sites around the Great Lakes between 1997 and 2003 showed residues of Endosulfan peaked in summer corresponding to maximum usage in nearby agricultural areas, with highest average concentration being 1,400 pg/l alpha and 600 pg/l beta-Endosulfan at Point Petre near Lake Ontario.
 

160. Endosulfan has also been measured in rainfall in urban areas: between 2000 and 2003, Endosulfan was measured in rain in the urban areas of Cuiaba, Brazil at 107 ng/l,
 in Chicago at 700 pg/l alpha- + 680 pg/l beta-.
 In 2000, the beta isomer was found in 28%, and alpha isomer in 13%, of rainfall samples, taken on the campus of the University of Maryland beside the Choptank River, Chesapeake Bay over a 7-month period Apr-Nov, with a maximum concentration of 81 ng/l (beta-).

161. Endosulfan was measured in 85% of rainwater samples taken in urban Strasbourg and rural Erstein in France, in 2002-03, the highest concentration being 3667 ng/l (alpha- + beta-) in Strasbourg.

162. Endosulfan was measured in 100% of samples of rainwater collected in Hisar, India in 2002, at levels of total Endosulfan as high as 3.020 ppb.

Surface waters and sediment

163. Published reports of Endosulfan contamination of surface water between 1982 and 2003 contain 606 detections in Canada, USA, Sweden, Australia, South Africa, and Argentina,
 a far from complete record with many more reports since then. The U.S. EPA
 reported 667 detections between 1980 and 1999 for beta-Endosulfan in the USA alone.
164. The contamination of surface waters has frequently occurred at levels above those reported to cause adverse effects on aquatic life.
 The US EPA
 reports toxicity to estuarine/marine amphipods of Endosulfan in sediment at concentrations as low as 1.5 ug/kg of pore water (water filling spaces between grains of sediment). Other estimations for hazardous concentrations for aquatic organisms include 0.2-11 ug/l for fish;
 and a mean level of 0.02 ug/l for effects on 5% of aquatic organisms.
 All of the figures reported below exceed this level.

165. Endosulfan reaches surface waters as a result of direct deposition and runoff from agricultural use. Reports of Endosulfan concentrations in run-off include 100 ug/l in southern USA, 45 ug/l in Australia, 66.5 ug/l in India,
 12,082 ug/kg of suspended particles in South Africa,
 and up to 1,530 ug/l in ditch water during application on adjacent fields in British Columbia, Canada.

166. Kennedy et al. (2001) found “significant contamination of all runoff water throughout the entire cotton-growing season in New South Wales”, Australia, with residue levels in the runoff reaching 10 ug/l seven days after aerial application, and typically being 2-10 ug/l. Major storms soon after application can cause runoff of 10% of the Endosulfan applied.

167. Concentrations of Endosulfan in Australian rivers during the cotton growing season were reported by Raupach et al. (2001) to be in the range of 0.02 to 0.2 ug/l, significantly exceeding the 0.01 ug/l guideline for ecosystem protection set by the Australia and New Zealand Conservation Council in 1992—due to nearly continuous low level input from spray drift and vapour transport representing “a steady drizzle”, and occasional higher input from run-off.

168. In the USA, the National Sediment Quality Survey found endosulfan stream sediments in 30 out of 76 watersheds it tested for residues;
 year-round detections of endosulfan in freshwater canals draining from agricultural areas in South Florida into the Everglades and Florida Bay, indicating chronic exposure to aquatic species;
 0.45 ug/kg (sulphate) in Florida surface waters and 120 ug/kg (sulfate) in sediment;
 571 ug/kg in the sediment of tailwater ponds collecting runoff from lettuce fields in California and 17.7 ug/kg in a nearby creek;
 frequent detections in the water of 30 lakes in Canada and northeastern USA;
 and in the sediment of mountain lakes in the Rocky Mountain and Glacier National Parks in Western USA at up to 1.2 ug/kg (sulphate).
 According to a recent review by the US National Parks Service, the State of Florida has monitored surface water in the Florida Everglades since the 1980s, and the mean and 90th percentile Endosulfan concentrations measured in the area are 0.09 mg/l and 0.25 mg/l, respectively. Others have found concentrations in the region as high as 1.34 mg/l. The contamination is presumed to come from the adjacent Homestead Agriculture Area, and levels are as much as three orders of magnitude higher in the dry season that the rainy season (0.18–1.35 mg/l versus 0.005–0.001 mg/l).
 

169. Endosulfan has been found in 47% of surface water samples tested in an agricultural region of Western Cape, South Africa. Thirty seven percent of the detections exceeded 0.1 ug/l, and reached levels of 3.6 ug/l. The main source was reported to be washout from the agricultural soils after irrigation and rainfall.
 A pervious study in Western Cape, reported by Dalvie et al. (2003), found endosulfan in 26 out of 27 Elgin dams at levels up to 626 ug/l; Bollmohr et al. (2007) report 12.7 ug/l particle-associated endosulfan.
 

170. Levels of 1.85 ug/l of Endosulfan were found in water samples from the Selangor River in Malaysia in 2003.

171. In China Endosulfan has been measured in the sediment of Lake Taihu at 50.5 ug/kg (sulfate);
 water at 445.9 ng/l (beta-) and sediment at 0.18 ng/l (beta-) of the Tonghui River;
 and water (215.9 ng/l beta-), pore water (1042 ng/l beta-) and sediment (8.84 ng/l sulfate) in the Minjiang River estuary.

172. In India, endosulfan has been measured in a number of surface water bodies, including water from the Yamuna River at Delhi, India (114 ng/l total Endosulfan);
 streams, ponds and canals of the northern Indo-Gangetic alluvial plains (0.13 ug/l total Endosulfan);
 water of the Gomti River, a tributary of the Ganges (0.09 ug/l sulfate);
 water (98.6 ng/l) and sediment (89.6 to 238 ug/g) in prawn ponds near Kolleru lake;
 and in the water of the Vellar River (206-2035 ng/l) and Kolleru Lake (2396 ng/l) possibly as the result of discharges from a nearby Endosulfan manufacturing facility.
 

173. Endosulfan has been found in surface waters and sediments in a number of other countries, including Taiwan (10.5 ug/l sulfate in Wu-Shi River estuary sediment);
 Turkey (42.6 ng/ml water and 107.8 ng/g sediment beta-Endosulfan in Uluabat Lake);
 Ghana (62.3 + 7.3 alpha-, 31.4 + beta-, 30.8 + 12.3 sulfate ng/l water sampled from the environs of Akumadan);
 Mexico (0.814 ug/kg sulfate in sediment from a coastal wetland);
 and Argentina (319 ug/kg max alpha- + beta- in suspended particles of a stream in a soybean growing area).

Groundwater:

174. In Haryana, India, all samples of water from tube wells in agricultural areas were contaminated with Endosulfan, with 83% of samples exceeding 0.1 ug/l, and maximum levels of 0.405 ug/l.

175. In Hyderabad City, India, all the samples of domestic well water contained Endosulfan, at levels up to 11.23 ug/l, assumed to derive from agricultural use near the city.

176. In the Thiruvallur area of Tamil Nadu, India, where Endosulfan is used on rice, total Endosulfan in open well and bore wells ranged from 1.1 to 19.2 ug/l.

177. Endosulfan has recently been measured in 38% of groundwater samples in Portugal, with 12% of them exceeding the European Union’s limit of 0.1 ug/l.

178. In South Africa, Dalvie et al. (2003) found Endosulfan in 32% of groundwater samples taken in farming areas in the Western Cape at levels up to 0.89 ug/l.

Marine sediments and seawater
179. Endosulfan has been found in marine sediment and seawater in a number of countries. Concentrations of Endosulfan sulphate of 0.4 ug/l were found in sediment taken from the mouth of the Hugli estuary in the vicinity of the Sundarban mangrove environment in eastern India.
 

180. Endosulfan sulphate was measured at 0.025 ug/l in sediment on the Black Sea coast of Turkey in 2001-2003.

181. It has also been measured inland coastal waters of Malaysia (0.4 ug/l) and the Philippines, and the sediment in the Straits of Malacca;
 in the sediment of Alexandria Harbour, Egypt;
 in a coastal lagoon in Spain;
 in the water of harbours in South Africa;
 in the coastal waters of Honduras and Jamaica, the sediment of Kingston Harbour;
 and in coastal lagoons of the subtropical Mexican Pacific.

Soil

182. Very high levels of contamination have been found in Ethiopia, with total Endosulfan reaching levels of 56,000 ug/kg in the soil of a state farm where organochlorine insecticides have been used for about three decades. The Upper Awash Agro Industry Enterprises grows cotton, fruits, vegetables, allium flowers and cereals, and their annual Endosulfan use is 29,000 litres, estimated to be about 10 tonnes active ingredient.

183. In Australian cotton fields where Endosulfan was applied 3 times throughout the cotton-growing season, residues from the previous season’s spraying were found in the soil at the beginning of the next season (at 10 to 80 ug/kg), indicating a continual build up in the soil.
 

184. Similarly, in Tamil Nadu, India, 100 to 1,000 ug/kg residual Endosulfan sulphate was found at the beginning of the rice season, with this level increasing to 22,000 ug/kg during the season—still present at 5,500 ug/kg at 210 days after application,
 again indicating accumulating residual levels. 

185. Although at much lower levels, Endosulfan contamination of the soil in cotton fields of the Punjab has been shown to increase with time, by a factor of 5 over the course of 3 years: in 1995 the residue after application was 7.3 ug/kg reducing to 2.4 ug/kg after 22 days. But in 1998 in the same field the levels were 35.6 ug/kg reducing to 22 ug/kg after 22 days, despite the insecticide being applied at the same rate (Vig et al. 2008).

186. All samples of soil taken in cotton-wheat, paddy-wheat and sugarcane fields in Haryana, India, were contaminated with Endosulfan at levels ranging up to 39 ug/kg.

187. Endosulfan has also been found in the soils of the northern Indo-Gangetic plains;
 Hong Kong,
 and the Taihu Lake Region of China;
 Ghana,
 Senegal and Kenya;
 Portugal,
 Czech Republic,
 and rice fields in Spain;
 Colombia (at 350 ug/kg), Honduras, Nicaragua, and Panama,
 and in the soils of environmental reserves in Brazil.

Animals

Aquatic Species

188. In a study of organochlorine residues in bivalves from the lagoons of Ghana, the following levels were measured during the dry season, with generally lower levels in the wet season (except for mussels): in cockles, 21 (5-30) ng/g dry weight alpha-, plus 51 (2-78) ng/gm beta-; in oysters, 31(10-93) ng/gm alpha-, plus 20 (16-83) ng/g beta-; in mussels 18 (2-66) ng/g alpha-, plus 29 (21-66) ng/g beta-.

189. In India, Endosulfan residues were measured in fish at 1.41 ug/g (max alpha- + beta-) in fish of the species Labeo rohita and Catla catla collected from markets in Calcutta between 1993 and 1998.
 Aktar et al. (2008) measured total Endosulfan residues up to 2.95 ppm in fish collected from the Ganga at Uluberia in West Bengal in 2005.
 Levels of 23 + 3 ppb (wet weight) of total Endosulfan were recorded in fish collected from the Cochin Coast.
 In a study of pesticide bioaccumulation in fish in rivers in north India, Singh & Singh (2007) found that “The tissue bioaccumulation of aldrin and endosulfan were high in liver, brain and ovary of R. rita and M. tengara captured from the polluted rivers Gomti and Ganga, respectively, when compared to the same species captured from the reference site.” 

190. Menone et al. (2000)
 found residues of Endosulfan sulfate in the liver, gonads, fat and muscle of fish from a coastal lagoon in Argentina, at levels ranging up to 0.018 ug/kg of tissue.

191. In a study measuring atmospherically deposited chemicals in fish in the western US national parks, Ackerman et al. (2008) stated that “dacthal and endosulfan sulfate were among the most concentrated and frequently detected SOCs [semivolatile organic compounds] in this study . . ..”

192. In a review of data on organochlorine pesticide residues in the marine environment of tropical coastal India, Sarkar et al. (2008) reported the following data on Endosulfan, all figures ng/g wet weight: zooplankton from the Bay of Bengal (0.1-0.4), oysters and clams (0.8-5.7), and fish (0.02-2.47).

193. Concentrations of Endosulfan in oyster samples from Laguna de Terminos, Mexico ranged from 162 to 670 pg/g dry weight. Residues in lagoon sediments ranged from 0 to 50.3 pg/g dry weight (mean 13 pg/g). Residues in filtered water taken from the lagoon ranged from 0 to 37 pg/l. “Endosulfan was measured in most water samples of Laguna de Terminos with maximal values in the estuaries of rivers and near Ciudad del Carmen.” ... “Accumulation of this pesticide by oysters takes place from the water fraction and allows accumulation of the two endosulfan isomers and of endosulphan sulphate in oyster tissues.” The levels of Endosulfan in the oysters were significantly higher than the water from which it was accumulated.

194. In a study measuring the levels of organochlorine contamination of Anuran amphibians in an artificial lake in the semiarid midwest of Argentina, Endosulfan (alpha- + beta-) was found at levels ranging 0.5-24.4 ng/g wet mass and 18.1-1406.8 ng/g fat.

195. In a study of pesticide residues in amphibia in California (USA), “all sites had adults with measurable levels of endosulfan” . . . “up to 86% of some populations had measurable endosulfan concentrations”. The maximal concentration was 21.9 ppb. “Thus, the detection of endosulfan in frogs denotes recent exposure and suggests risk”.

196. Fish in the Everglades region of Florida have concentrations as high as 395 ng/g dry weight. Mussels from the region have some of the highest concentrations measured in the US, with 3.4–8.1 ng/g dry weight. One study found concentrations in small fish range from 0.3–20.1 ng/g, and in oysters from 3.3–21.3 ng/g dry weight. Another reported a maximum concentration in oysters of 41.4 ng/g dry weight.

197. It has also been found in freshwater fish in a number of countries including Australia,
 Zambia,
 Benin and Kenya,
 Tanzania ,
 Uganda,
 and in estuarine fish in Argentina.
 It has been found in farmed prawns in India (Amaranemi 2006).

Terrestrial species

198. In Zimbabwe, Endosulfan was found to accumulate in the tissues of wild rats feeding in soya bean fields to which Endosulfan was applied. Levels in liver were generally higher (0.36-5.8 ug/kg) than those in muscles (0.09-5.17 ug/kg) and fatty tissues (0.08-4.78 ug/kg).

199. In a study of 3 types of vultures from different localities in South Africa, in total blood samples “the greatest mean value was calculated for African whitebacked vultures from Moholoholo (27.01 ug/l) followed by a substantially lower value for the Dronfield population (11.8 ug/l). However, it should be noted that the latter group displayed a maximum concentration of 37.74 ug/l) and a wide dispersion around the geometric mean was found for individual endosulfan sulfate values of the Dronfield birds.” … “The highest mean value was obtained in kidneys (63.67 ug/l), followed by the livers (43.02 ug/l) and the clotted blood samples (24.3 ug/l). Levels of this toxicant were measured in the kidney, liver and blood samples from the same individuals, which contained quantifiable residues of endosulfan sulfate.”

200. Cid et al. (2007) carried out an analysis of organochlorine pesticide contamination in three bird species of the Embalse La Florida water reservoir in the semiarid midwest of Argentina. “The highest concentration of a single contaminant was measured in one of the great kiskadees (aldrin at 5245.44 ng/g fat), and this was followed by endosulfan (4276.23 ng/g fat) in a neotropic cormorant.” … “Endosulfan, in the ΣALD family, occurred at a frequency of 92% in the assayed samples and its average concentration was 1226.09 ng/g fat (range: ND to 4276.23 ng/g fat), the highest observed for all OCs determined. This high frequency of incidence and concentration may be due to its intensive and continual use since 1970 as an insecticide in a variety of crops such as tea, vegetables, fruits, and tobacco.” 

201. Dong et al. (2004) carried out an analysis of organochlorine pesticide levels in the eggs of 4 water bird species from a colony on Tai Lake in China. They found residues of Endosulfan in all species, with the highest frequency and levels in the eggs of little egret (Egretta garzetta): 77.8 % occurrence of alpha-Endosulfan (mean 13.84, max 93.30 ng/g dry weight), and 19.4% occurrence of beta-Endosulfan (mean 19.21, max 41.4 ng/gm).

202. In a cross-taxa survey of organochlorine pesticide contamination in a tropical conservation area in northwest Costa Rica, Klemens et al. (2003) measured beta-Endosulfan in birds at up to 66 ug/kg, and at lower levels in amphibians.

203. Martı́nez-Lopez et al. (2008) studied pesticide levels in the blood of booted eagle (Hieraaetus pennatus) in Spain over the years 1999-2003. They found levels of alpha-Endosulfan increased annually to the maximum in 2003 (109.04 + 75.42 ug/l), beta-Endosulfan peaked in 2002 (26.53 + 22.64 ug/l), as did the sulphate (50.90 + 63.78 ug/l).

204. An analysis of whole blood, serum, and liver tissue samples from Kafue lechwe (marsh antelope) in the Lochinvar National Park of Zambia found mean residue levels of Endosulfan of 3.7 (+ 0.1) ug/g wet weight in the liver tissue of males and 4.2 (+ 2.2) in females; 8.6 (+3.2 ug/ml) in the serum of females, ND in males; and 3.8 (+ 1.2 ug/ml) in males, ND in females.

Non-target Plants

205. Endosulfan has been found in the bark of trees from every one of the 32 countries sampled all over the world between 1992 and 1995, including India (1500 ug/gm), South Korea (1100 ug/gm), Philippines (540 ug/gm), Japan (450 ug/gm), Iran (310 ug/gm), Australia (110 ug/gm), New Zealand (32 ug/gm) and China (14 ug/gm), as well is in Africa, North and South America and Europe (figures are averages for the country for Endosulfan sulphate).
 

206. Residues of Endosulfan, resulting from atmospheric deposition, were measured in moss in Singapore, geometric mean values 0 to 6.52 ng/g.

Food and drink

207. Endosulfan contamination of vegetables and fruit is widespread. Endosulfan and DDT were the most commonly detected residues in an analysis of the 5000 most widely consumed foods in the USA.

208. In New Zealand 32% of tomatoes sampled contained Endosulfan with levels up to 972 ug/kg. It has also been found in capsicum, courgette, cucumber, pears, vegetable oil, salad dressing, peanuts and peanut butter.

209. In India, all of 39 samples of cauliflower, brinjal and okra taken at Ranchi, Jharkhand were found to contain Endosulfan (0.002 - 2.47 mg/kg).
 Seventy six percent of 25 summer vegetable samples, and 92% of 25 winter vegetable samples taken in Agra contained residues of Endosulfan with the highest concentrations being, in summer, 9.02 ppb in spinach and, in winter, 12.42 ppb in cabbage.
 One hundred percent of 28 samples of a complete daily vegetarian diet (tea, milk, breakfast, lunch, snacks, dinner, sweet dish), taken in Hisar city, were contaminated with Endosulfan, with residues levels ranging from 0.026 to 0.354 ppm, and daily intake was estimated to exceed the Acceptable Daily Intake in 4 samples.

210. In Ghana, 36% of lettuces sampled contained Endosulfan at levels up to 1.3 mg/kg (mean 0.4 mg/kg).

211. Alpha-Endosulfan was found in pekmez, the traditional grape molasses of Turkey (mean 0.3 ng/g, max 1.3 ng/g).

212. Endosulfan was measured in 27% of 325 samples of cows' milk taken in the Bundelkhand region of India. Of these, 65% were above the MRL, with the maximum level being 0.3748 mg/kg whole milk.

213. Butter (45) and ghee (25) samples were collected from rural and urban areas of the cotton growing belt of Haryana, India. Residues of endosulfan exceeded the MRL in 11% of butter (max = 1.668 ug/g total Endosulfan), and 20% of ghee samples (max = 2.975 ug/g total Endosulfan) above the MRL.

214. Endosulfan was found in New Zealand beef at 0.5 ppm as a result of external application of the insecticide to cattle to control parasites,
 and in Australian beef as a result of spray drift from cotton fields.

215. Endosulfan was found in honey samples from Kahramanmaras, Turkey (alpha-Endosulfan - mean 0.09 and max 0.34 ng/g; beta-Endosulfan - mean 0.27 and max 0.46 ng/g).
 It was found in 23.4% of 47 beeswax samples taken from apiaries in 5 sites located in continental France, with the mean concentration of 88.8 ug/kg and a maximum of 243.1 mg/kg.

216. Sampling in Korea, of herbal medicinal drugs, found 0.349 mg/kg of Endosulfan (MRL = 0.2) in Polygalae radix imported from China.

217. Endosulfan residues were found in 5 of 25 samples of commercial milk-based infant formula in Spain, with the following concentration range: alpha-Endosulfan 1.6-5.03 ug/kg, and beta-Endosulfan 1.18-2.70 ug/kg.

218. Residues of Endosulfan were found throughout tea ecosystems in the Dooars and Hill regions of West Bengal, India, sampled in April and again in November, with the highest levels in fresh tea leaves. Beta-Endosulfan was found in 100% of fresh tea leaves and ‘made tea’ from Dooars and 40% from Hill region. Maximum levels of beta-Endosulfan found were: fresh tea leaves (0.9238 ppm), ‘made tea’ (0.2858 ppm), the soil (0.7601 ppm) and water bodies (0.0022 ppm). Lower levels of alpha-Endosulfan and Endosulfan sulphate were also found in all samples with the exception of the sulphate in water.

219. Endosulfan residues were found in every village bore well and open well sampled in the Thiruvallur district of Tamil Nadu, India. Alpha-Endosulfan levels ranged from 0.1 to 4.5 ug/l, beta-Endosulfan from 0.2 to 13 ug/l and Endosulfan sulphate from 1.1 to 19.2 ug/l. Maximum total Endosulfan level was 32.1 ug/l.

220. All samples from 28 domestic well supplies in the city of Hyderabad, India contained alpha- and beta-Endosulfan, with the maximum level found being 11.3 ug/l.

221. Levels of 1.85 ug/l of Endosulfan were found, in 2003, in water samples from the Selangor River in Malaysia, which is used for drinking purposes.
 

- as a result of long‑range environmental transport

Air

For evidence of exposure to residues in air through long-range environmental transport, see under: How are chemical/physical properties and persistence linked to environmental transport, transfer within and between environmental compartments, degradation and transformation to other chemicals?

Snow

222. In a study of contaminants in Arctic snow collected over northwest Alaskan sea ice of the Beaufort and Chukchi seas in 1995-6, alpha-Endosulfan was consistently present, in nearly every sample, with beta-Endosulfan detected in some samples from one site. The levels found were higher than for DDT and any of the other POPS pesticides, with the exception of Chlordane which had similar levels.

223. Endosulfan sulfate has been found in an ice core sample from the Antarctic region at a concentration of 300 ng/l.

224. In 2002-03 Endosulfan residues were amongst the most frequently detected in snowpack in seven national parks in arctic, sub-arctic and alpine regions of the US. The highest concentration was 1500 ng/m3 at Sequoia National Park. Residues in the Arctic region (peaking at 170 ng/m3) were regarded as the result of long-range transport.

225. Alpha- and beta-Endosulfan were consistently detected in snowpack near Lake Superior in 1999-2000, at concentrations ranging up to 0.181 ng/l alpha-Endosulfan, plus 0.035 ng/l beta-Endosulfan.

226. Alpha-Endosulfan was one of the most frequently detected pesticides in snow in the Rocky Mountain and Glacier National Parks in the Western US, found at levels up to 2.5 ng/l.

227. Alpha-Endosulfan was found in 100% of samples of snow taken from the Punta Indren glacier in the Italian Alps at concentrations ranging from 0.05 to 0.168 ng/l.

Marine sediments and seawater
228. Endosulfan contamination of Arctic seawater has been observed since early 1993,
 and is now so widespread in the surface water that it has been described as ubiquitous.

229. A study evaluating concentrations of endosulfan in Arctic seawater demonstrated: “Surface seawater concentrations for alpha- and beta-endosulfan ranged from <0.1-8.8 (mean 2.3) pg/L and 0.1-7.8 (mean 1.5) pg/L. … Geographical distributions for alpha-endosulfan revealed the highest concentrations in the western Arctic, specifically the Bering and Chukchi Seas.” [emphasis added]

Dust

230. Monitoring in the Caribbean, at the Virgin Islands and Trinidad, identified Endosulfan at all sites, and it was shown to have blown there in dust from Mali in the African Sahara/Sahel region.

Animals

231. A North Pacific Research Board report published in 2008 reported alpha- and beta-Endosulfan in common murre eggs of the North Pacific. Levels in murre eggs measured in 2003 at St. Lazuria Island for beta-Endosulfan ranged from 3.04 to 11.2 ng/g (mean 5.89 ng/g) and for alpha-Endosulfan from 0.116 to 0.428 ng/g (mean 0.236 ng/g). At Middleton Island in the Gulf of Alaska, measured levels in 2004 in murre eggs for beta-Endosulfan ranged up to 11.8 ng/g (mean of 6.74 ng/g). Alpha- and beta-Endosulfan were also found in common murre eggs at East Anatuli Island, Duck Island, Gull Island, Cape Denbigh, Cape Pierce, Sledge Island, Bluff and Bogoslov Island.

232. The Cook Inlet, Alaska, Contaminants Study found the following Endosulfan levels in Chinook and sockeye salmon:

Table 7: Endosulfan residues in salmon, Cook Inlet Alaska (ng/kg)

	
	Maximum
	Minimum
	Average
	No of samples

	Chinook
	780
	308
	544
	2

	Sockeye
	1610
	252
	664
	4


233. Braune et al. (2005) reported that over 20 years monitoring of POPs in the Canadian Arctic, there was a 3-fold increase in age-adjusted concentrations of Endosulfan sulfate in beluga at the same time as most other POPs were declining.
 

234. Stern & Ikonomou (2003) reported a 3.2-fold increase of Endosulfan sulfate measured in Cumberland Sound beluga blubber over the 20-year time period from 1982-2002.
 

235. Similarly, Evans et al. (2005) reported increasing residues of Endosulfan in the freshwater fish char—they were 2.2 times higher in 2002 than 1992.
 

236. The geographic trend of increasing concentrations of Endosulfan in seawater of the western Arctic, specifically the Chukchi and Bering Seas, corresponds to levels of alpha-Endosulfan found in ringed seals, with the highest levels found in the western Arctic off Barrow, Alaska (geometric mean in ringed seal blubber combined males and females of 22.6 ng/g alpha-Endosulfan with the upper concentration at 43.39 ng/g).

237. Endosulfan was measured in the blubber of beluga at 15 sites in the Canadian arctic between 1993 and 2001, at levels reaching 94 ug/kg.

238. Bentzenen et al. (2008) found alpha-Endosulfan in the fat, but not the blood, of polar bears sampled along the Alaskan Beaufort Sea coast in spring, 2003. The levels measured were: mean 2 and range <0.1-21 ng/g wet weight fat, and mean 4 and range <0.1-36 ng/g lipid weight.

239. Vorkamp et al. (2004) found residues of Endosulfan in every species they tested in Greenland. In the following results, the values are all for total Endosulfan, ng/g live weight, and are the highest median and maximum for various tissues and locations per species. In terrestrial species the residues were ptarmigan (median 1.9 and max 3.0 in liver), hare (median 0.55 and max 0.64 in liver), lamb (median n.d. and max 0.65 in liver), caribou (median 0.17 and max 0.39 in muscle), muskox (median 0.016 and max 1.8 in blubber). In freshwater fish, Arctic char they found residues at all 3 locations sampled, with the highest residues being at Ittoqortoormiit (median 21 and max 92 in muscle tissue). In marine invertebrates they measured residues in shrimp (median 3 and max 5.2 in muscle), snow crab (median 19 in muscle and max 95 in liver), and Iceland scallop (median 0.36 and max 1.6 in muscle). In marine fish they measured residues in Atlantic cod, redfish, Atlantic salmon, Greenland halibut, wolfish, capelin, shorthorn sculpin, with the highest median value being in the muscle of capelin sampled at Nuuk (50 ng/g), and the highest single measurement being in the muscle of Atlantic cod also sampled at Nuuk (780 ng/g). In seabirds they measured residues in common eider (median 4.9 and max 8.6 in liver), king eider (median 3.7 in liver and max 10 in muscle), kittiwake (median 62 and max 130 in muscle), thick-billed murre (median 8.8 and max 15 in liver). In marine mammals they measured residues in ringed seal (median 5.6 in liver at Qeqertarsuaq and max 25 in muscle at Ittoqqortoomiit), harp seal (median 12 and max 45 in blubber), minke whale (median 12 and max 29), beluga (median 45 and max 83 in skin), and narwhal (median 81 and max 120 in skin).

240. Contamination is also occurring in Antarctica: both alpha-Endosulfan and Endosulfan sulphate have been found in blubber of elephant seals in Antarctica with significantly higher relative proportions in pups compared with adults, thought to be due to maternal transfer. The levels found (median 3.02 and 2.68 ug/kg lipid for adult males and females) are similar to those found in Greenland.

241. Alpha-Endosulfan was found in 40% of samples of Antarctic krill (Euphausia superba) taken from 12 sites between 300 and 800E (60-700S) in 2006. “Antarctic krill (Euphausia superba) is a keystone species in the Antarctic with the majority of Antarctic predators feeding either exclusively or opportunistically on the krill swarms that form during the austral summer.” The geometric mean level detected was 418 pg/g lw, the maximum was 451 pg/g lw.

Plants

242. In measurements conducted in five western US national parks, including Denali National Park in Alaska, Endosulfan sulphate accumulated preferentially in lichen when compared with other media including conifer needles, passive air samplers, and snow.
 

243. In a study measuring residues of persistent organic contaminants in Himalayan spruce needles in central Himalayas (Zhangmu-Nyalam), alpha-Endosulfan was found to be one of the 3 most ubiquitous contaminants, in more than 95% of samples, with levels increasing with altitude.

244. Endosulfan was measured in grasses in the Himalayas, in the Mt. Qomolangma (Everest) region of the Tibetan Plateau: alpha-Endosulfan (range 0.29-3.14 ng/g) and beta-Endosulfan (range 0.10-1.54 ng/g). There were no detectable residues in the soil, indicating that the source of the residues in plants was deposition from the air.

245. Endosulfan was measured in lichen in the mountains of western Canada. Of the three forms, Endosulfan sulphate was present in the highest quantities (range 1,621-15,399 pg/g dry weight), with alpha- (range 403-1,678 pg/g) and beta-Endosulfan (range 694-4,632 pg/g) also present in all samples.

246. In a study of orographic cold-trapping of POPs by vegetation, specifically in conifer needles, in the mountain areas of Alberta and British Columbia, Canada, Endosulfan was found in conifer needles at levels of 11-2930 pg/g dry weight, with the level increasing with altitude.
 

Modelling data

- 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)
247. The recent decision, by New Zealand’s Environmental Risk Management Authority, to revoke the registration of Endosulfan contains the following statements about risk:

“Based on their hazardous properties and their lifecycles and use patterns, endosulfan and endosulfan formulations have the potential to cause adverse effects to: 

· workers involved in the manufacture of the substances; 

· workers and bystanders should an incident occur in transportation or storage  of the substances; 

· users of the substances;  

· the public from spray drift; 

· the public who use any sports grounds, golf courses or bowling greens that have been treated; 

· the public through exposure to residues in food; 

· the public through long range transport, through food residues, leading to breast milk and fat tissue residues; 

· the environment from spillage, seepage, runoff or long range transport; 

· the relationship of Maori [indigenous people of New Zealand] to the environment through exposure of water, soil and native flora and fauna to the substances.” 

“There is a high acute and chronic risk to aquatic species (fish and invertebrates) from all current uses of endosulfan in New Zealand.” 

“The Committee considers there are significant risks to Maori cultural wellbeing, society and the community and to New Zealand’s international relationships.” 

“The Committee considers that there are no significant benefits associated with the availability of endosulfan and endosulfan formulations.” 

“Taking into account, the approach to risk, the precautionary approach and the effects of the substances being unavailable, the Committee considers that the high level of adverse effects (risks and costs) to the environment, human health, the relationship of Maori to the environment and New Zealand’s international relationships outweigh any positive effects (benefits) associated with the availability of endosulfan and endosulfan formulations in New Zealand.” 
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